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PREFACE 

FoK  the  ordinary  student  and  teacher  on  this  continent  fresh- 
water life  has  a  significance  heretofore  greatly  underestimated. 
In  most  parts  of  the  comitry  it  lies  at  one's  very  door,  readily  ac- 
cessible, and  is  indeed  the  only  type  of  aquatic  existence  which  can 
be  studied  living  and  at  work.  This  fact  gives  to  fresh-water  life, 
once  the  student  has  been  introduced  into  its  domain,  an  appeal- 
ing interest  that  fetters  his  attention  and  stimulates  his  desire 
to  know  something  more  of  it.  Among  the  most  remarkable  of 
early  works  that  followed  hard  upon  the  first  use  of  the  micro- 
scope are  some  great  clashes  which  represent  work  in  this  very 
field. 

Various  European  oiuntiies  possess  elaborate  monogr^hs  on 
(resh-water  organisms  as  a  whole  and  on  single  groups,  but  no 
attempt  has  been  made  heretofore  to  deal  with  North  American 
fresh-water  life  in  its  entirety,  and  few  treatises  have  essayed  to 
cover  completely  any  group  of  fresh-water  organisms.  American 
workers  in  general  have  accordingly  avoided  this  field  and  the  few 
who  have  attempted  to  engage  in  its  study  have  found  their  prob- 
lems very  difficult  to  solve. 

The  preparation  of  the  present  work  was  undertaken  many  years 
ago  with  the  purpose  of  stimulating  the  study  of  the  material  so 
easily  obtainable  and  of  aiding  workers  of  all  grades  to  acquire 
some  definite  and  precise  knowledge  of  the  organisms  met  in  such 
study.  Each  ch^ter  has  been  handled  by  a  specialist  on  the  group 
and  the  results  achieved  by  this  method  have  a  significance  that 
could  not  have  been  attained  in  any  other  way.  Conditions  en- 
tirely unavoidable  led  to  the  completion  of  the  different  parts  of 
the  work  at  somewhat  different  dates.  It  is  believed  that  this 
will  not,  in  fact,  impair  the  value  of  the  work  as  a  whole  and 
will  find  an  excuse  in  the  magnitude  of  the  task.  Individual 
chapters  represent  a  survey  of  the  group  treated  that  is  complete 
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VI  PREFACE 

for  this  continent  up  to  the  time  at  which  the  chapter  was 
closed. 

The  first  few  chapters  are  devoted  to  a  discussion  of  general  bio- 
|(^cal  factors.  Evident  space  limits  prevented  extended  discus- 
sion of  many  most  interesting  biological  tc^ics,  which  are  at  best 
only  outlined  here.  The  exact  citation  of  sources  at  the  close 
of  these  chapters  will  aid  the  reader  to  pursue  such  topics  furtlier 
if  desired.  Not  all  discussions  on  general  questions  have  been 
confined  to  the  introductory  chapters.  The  ch^ter  on  Rotifera, 
by  Jennings,  presents  an  admirable  description  of  life  processes, 
which,  altho  written  specifically  for  that  group,  applies  with  ap- 
propriate modifications  to  all  groups  of  many-celled  organisms. 
In  the  chapter  on  Copepoda,  Marsh  has  treated  with  some  detail 
'  the  general  question  of  distribution  as  illustrated  by  this  group: 
yet  the  very  factors  which  he  shows  to  be  operative  in  it  aie 
those  that  lie  at  the  ba^  of  the  distribution  of  most  if  not  all 
other  groups.  The  discussion  of  the  aquatic  vertebrates  by  Eigen- 
mann  is  purely  biological  and  the  systematic  outline  is  omitted 
entirely,  since  that  of  itself  would  demand  an  entire  book  for  its 
adequate  presentation.  The  same  is  true  of  the  chapter  on  Bac- 
teria, by  Jordan,  and  of  that  on  the  higher  aquatic  plants  which  are 
treated  by  Pond  in  the  physiol<^cal  (chemico-phy^cal)  aspect 
primarily. 

Apart  from  those  just  mentioned  all  chapters  conform  to  tlK 
same  general  plan.  Each  is  devoted  to  a  single  group  of  organ- 
isms and  opens  with  a  general  account  of  the  occurrence  and  his- 
tory of  the  group.  The  description  of  the  anatomy  of  the  forms 
treated  is  very  brief  and  deals  chiefly  with  such  features  as  sire  of 
special  value  in  the  key.  Similarly  the  life  history  is  given  in 
condensed  form.  More  attention  is  devoted  to  the  biological 
relations  which  at  this  point  are  discussed  with  reference  to  the 
entire  group,  whereas  individual  features  are  left  for  later  record 
under  individual  species  except  as  they  are  needed  for  illustrations 
of  general  questions.  Care  has  been  exercised  to  include  descrip- 
tions of  special  methods  for  collecting,  preserving,  and  studying 
the  organisms  of  each  particular  group. 

Special  details  both  biological  and  morphological  regarding  genera 
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and  qtedes  are  included  under  a  synoptic  key  which  comes  at  the 
dose  of  each  chj^ter  except  as  noted  above;  in  some  cases  it  is 
earned  to  species  but  in  others  only  to  genera.  The  form  utilized 
for  the  keys  has  been  in  constant  use  for  many  years  at  the  Uni- 
versity of  Illinois,  having  been  applied  to  many  aquatic  types  by 
Professor  S.  A.  Forbes  and  his  associates.  The  introductory  num- 
ber of  each  key  line  is  followed  by  an  alternative  number  printed 
in  parentheses  and  on  reaching  a  decision  that  this  line  is  not  ac- 
ceptable, the  student  proceeds  at  once  to  the  line  introduced  by 
the  alternative  numberj  in  case  a  ^ven  alternative  is  accepted  the 
further  course  of  the  inquiry  is  indicated  by  a  number  at  the  close 
of  the  line. 

In  order  to  achieve  maximum  ease  in  use  and  perspicacity  in 
grasping  the  facts  presented,  all  the  information  on  a  given  form, 
viz.,  the  illustration,  the  description,  and  the  biological  features  with 
the  frequence,  range,  and  other  special  data,  are  included  between 
the  key  line  which  introduces  the  name  and  the  key  line  next  fol- 
lowing. The  total  information  on  a  single  type  forms  thus  a  solid 
panel  and  appeals  promptly  and  as  a  whole  to  the  eye  and  mind  of 
the  student.  Eadi  cluqiter  doses  with  a  brief  list  of  the  most 
essential  references  to  the  topic.  No  textbooks  are  dted  and  only 
such  works  are  noted  as  may  be  a>n^dered  indispensable  for  pres- 
ent-day study  of  North  American  forms.  The  student  is  cautioned 
not  to  regard  any  such  list  as  in  any  sense  a  bibliography  of  the 
subject. 

To  encompass  such  a  mass  of  material  within  the  limits  of  a 
single  volume,  even  tho  it  be  generous  in  size,  has  neces^tated 
brevity  of  treatment  at  every  point.  Technical  terms  are  defined 
or  discussed  only  once  and  no  glossary  is  introduced.  The  index 
indudes  important  terms  and  all  of  the  sdentific  names  used  in 
the  keys  so  that  the  reader  can  find  every  item  promptiy. 

A  serious  effort  was  made  to  attain  uniformity  in  the  use  of 
names  thruout  the  entire  work  but  the  worker  will  find  that  this 
Old  was  not  fully  achieved.  The  most  conspicuous  failure  in  this 
particiilar  obtains  in  the  dtation  of  host  names  for  various  para- 
sitic £^)edes.  In  all  such  cases  that  name  is  employed  which  was 
used  by  the  authority  from  whidi  the  record  is  dted.    It  was  felt 
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that  in  the  absence  of  monographic  revisions  of  the  species  of 
parasites  noted  any  other  method  would  have  beea  indefeasible 
in  a  brief  treatise. 

Abundant  use  has  been  made  of  figures  to  illustrate  the  fonns 
described.  Most  of  the  illustrations  are  new  and  many  of  them 
drawn  by  the  author  of  the  chapter  especially  for  this  work. 

In  chapter  11  certain  figures  and  tables  are  taken  with  modi- 
fications from  Shelford's  American  Communities  in  Temperate 
America  by  courtesy  of  the  Geographic  Society  of  Chicago  and  the 
University  of  Chicago  Press, 

It  would  be  impossible  to  acknowledge  all  of  the  aid  which  has 
been  extended  during  the  progress  of  the  work.  Valuable  sugges- 
tions from  many  sources  have  been  freely  extended  us  and  as  freely 
utilized. 

To  all  of  our  colleagues  who,  in  spite  of  multitudinous  difficulties 
and  seemingly  interminable  delays,  have  worked  so  generously  to 
perfect  their  individual  chapters  the  sincerest  thanks  of  the  editors 
are  due.  Especial  mention  should  be  made  of  the  numerous  help- 
ful suggestions  and  critidsms  given  outside  their  own  chapters 
during  the  preparation  of  the  work  by  Professors  E.  A.  Birge  and 
Frank  Smith.  Grateful  acknowledgement  is  also  due  E.  C.  Faust 
and  H.  G.  May  for  aid  m  reading  and  checking  proof. 

Finally,  it  b  a  pleasure  as  well  as  a  duty  to  express  our  apprecia- 
tion of  the  work  of  the  publishers.  Their  forbearance  and  continued 
kindly  assistance  during  the  long  and  difficult  period  of  preparation 
has  made  possible  the  completion  of  the  work  and  its  presentation 
to  the  scientific  worker  in  attractive  form. 
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CHAPTER  I 

INTRODUCTION 

Bv  HENRY  B.  WARD 

Pnfeair  i^  Zailaa  h  On  Unhtriity  <^  /WMrfr 

On  the  surface  of  the  globe,  water  and  life  are  intimately  asso- 
ciated. As  water  grows  scantier  life  becomes  more  restricted  tmtil 
with  the  total  failure  of  water  life  also  disappears.  In  regions  where 
water  is  very  scarce  the  few  organisms  that  exbt  have  learned  to 
store  water  or  to  discbarge  vital  functions  with  a  minimiim  supply 
and  thus  to  meet  the  natural  defects  of  the  situation. 

The  hydrosphere,  or  the  total  water  mass  on  the  globe,  forms  the 
subject  of  study  for  hydrography  which  is  readily  subdivided  into 
(i)  o<xanography,  that  deals  with  the  vast  continuous  mass  of 
salt  water  in  the  ocean,  and  (2)  limnology,  which  treats  of  the  vari- 
ous fresh-water  units.  The  term  limnology  is  sometimes  re- 
stricted in  its  application  to  the  more  stable  bodies  such  as  lakes 
and  ponds,  in  which  case  rheology  is  used  to  cover  various  types  of 
flowing  waters.  All  fresh  water  is  distributed  over  the  surface  of 
the  land  and  variably  grouped  into  separate  series  of  systems 
connected  with  each  other  only  through  the  ocean  to  which  each 
system  is  joined.  The  rare  desert  sj^tems,  such  as  terminate  in 
the  Carson  Sink  or  the  Dead  Sea,  are  exceptional  in  having  no 
present  connection  with  the  ocean. 

Fresh  water  is  depoated  on  the  land  in  the  form  chiefly  of  rain 
or  snow,  and  tends  ultimately  to  reach  the  sea,  though  first  and 
last  a  considerable  part  is  taken  up  by  evaporation  and  goes  back 
directly  into  the  atmosphere.  Much  of  the  precipitation  soaks 
into  the  ground  to  reappear  elsewhere  in  springs  or  by  seepage 
to  feed  ponds  and  streams.  Activity  or  rate  of  movement  dis- 
tinguishes two  classes  of  water  bodies:  the  flowing  water  of  streams 
and  the  temporarily  quiet  water  of  lakes.  The  latter  almost 
always  form  parts  of  stream  systems  and  have  thereby  an  inti- 
mate connection  with  the  ocean  that  is  of  fundamental  importance 
in  determining  the  origin  of  fresh-water  organisms. 
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2  FRESH-WATER  BIOLOGY 

The  more  or  less  actively  flowing  waters  appear  in  the  form  of 
springs  or  rivulets,  then  increase  and  unite  to  make  brooks,  creeks, 
and  rivers.  The  transition  is  ordinarily  gradual  and  size  has  only 
a  secondary  influence  on  the  biological  character  of  the  stream. 
The  rate  of  flow,  and  the  physical  and  chemical  character  of  the 
soil  over  and  through  which  water  drains  into  a  stream  and  by 
which  its  banks  and  beds  are  formed  are  the  chief  factors  in  de- 
termining its  life. 

From  the  tiniest  rivulet  to  the  mightiest  river  one  may  find 
every  possible  intermediate  stage,  and  between  the  swiftest  moun- 
tain torrent  and  the  most  sluggish  lowland  stream  there  exists 
every  intermediate  gradation.  BiologicaUy  considered,  the  torrent 
imposes  on  the  development  of  life  within  its  waters  evident  me- 
chanical limitations  which  are  not  present  in  the  slow-flowing 
streams.  Ordinarily  the  biological  wealth  of  a  stream  varies  in- 
versely with  its  rate  of  flow,  and  anything  which  stops  or  checks 
the  flow  makes  conditions  more  favorable  for  the  development  of 
life.  Flowing  waters  are  thinly  inhabited  and  also  present  con- 
^derable  difficulties  to  the  student;  hence  they  are  relatively  un- 
explored territory. 

Waters  of  the  static  type,  characterized  by  lack  of  flow,  form  an 
equally  continuous  series  from  the  great  lakes  or  inland  seas  pro- 
gressing by  insen^ble  gradations  through  lake,  pond,  and  pool  to 
the  morass  or  swamp.  In  the  first  group  size  permits  more  wind 
action;  it  also  provides  greater  stability  in  level  as  well  as  in 
thermal  and  chemical  conditions.  Possessing  only  limited  com- 
munication with  the  ocean  these  bodies  of  water  constitute  biolog- 
ical units  of  great  definiteness.  The  lake.is  a  microcosm;  a  minute 
replica,  of  the  ocean,  it  responds  more  quickly  to  changes  in  its  en- 
vironment, is  ampler  to  grasp  and  eaaer  to  study.  Yet  it  is 
withal  the  most  complicated  of  inland  environments  (Shelf ord). 

The  distinction  between  water  bodies  of  different  aze  is  often 
indefinite.  Puddle,  pond,  and  lake  form  in  fact  a  continuous 
series.  Yet  in  a  strict  sense  lakes  are  characterized  by  a  central 
region  deep  enough  to  exceed  the  limits  of  growth  of  the  flora  in 
the  shore  zone.  Ponds  are  shaUow  lakes,  usually  inagnificant  in 
area,  yet  still  of  relative  permanence.    They  constitute  distinct 
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units  of  eDviromnenL  These  more  nearly  stable  units,  the  lakes 
and  ponds,  are  often  rich  in  life.  They  are  exceptionally  favorable 
for  study  and  have  been  extensively  investigated  both  in  Etuope 
and  in  this  country. 

The  temporary  water  body,  a  puddle  or  pool,  whatever  its  area, 
affcmls  only  conditions  for  transient  existence  that  are  sometimes 
irregular  in  their  recurrence  and  sometimes  present  themselves 
with  considerable  regularity.  They  are  fitted  for  organisms  that 
rei»oduce  very  rapidly  during  the  favorable  season  and  also  have 
qiedal  means  of  tiding  the  qwdes  over  the  unfavorable  period. 
Purely  temporary  water  bodies,  such  as  pools  that  form  in  hol- 
lows after  a  heavy  rain  or  in  a  wet  season,  develop  little  if  any 
life.  Such  places  on  poor  soil  are  most  barren  of  all;  the  aquatic 
life  increases  with  the  fertility  of  the  soil,  the  age  of  the  water  body, 
and  the  consequent  accumulation  of  organic  debris.  Residual 
ponds,  water  bodies  in  which  the  drying  out  is  more  gradual  and 
often  incomplete  and  in  which  a  central  area  may  be  protected  from 
complete  desiccation  by  vegetation  or  proximity  to  the  general  water 
level,  afford  conditions  at  the  opposite  extreme.  The  wide  stretches 
of  lowland  subject  to  periodic  overflow  from  great  inland  rivers  Uke 
the  minds,  Missouri,  and  Danube  in  ceotain  regions,  develop  a  rich 
flora  and  fauna  which  equals  or  exceeds-  in  abundance  that  found 
under  other  circumstances  (Antipa,  Forbes).  Similarly  among 
ponds  adjacent  to  a  lake  basin  the  permanent  are  poorer  than 
those  which  dry  out  for  a  time  (Shelford). 

The  smaller  water  body  presents  nearly  uniform  conditions 
throughout  and  therewith  also  a  san^e  series  of  inhabiting  organ- 
isms. The  entire  area  falls  within  the  shore  or  shallow  water 
zone  which  b  limited  to  such  parts  as  support  fixed  plants.  In 
this  general  region  are  readily  distii^uished  two  zoaes,  (a)  that 
of  the  emergent  vegetation  where  the  larger  plants  reach  consi»cu- 
ously  above  the  water  I^vel  and  constitute  the  dominant  feature 
to  the  eye,  and  (2)  that  of  submerged  vegetation  in  which  the 
plants  rarely  project  at  all  above  the  surface  and  in  consequence 
the  water  itsdf  dominates  the  view.  Both  of  these  regions  may  be 
subdivided  on  the  basis  of  the  particular  form  of  vegetation  which 
is  cotnmoQ  in  a  given  portion.    In  a  swamp  these  r^ons  ^re  often 
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the  only  ones  that  axe  present.  But  in  a  pond  one  can  usually 
determine  the  existence  of  a  third  zone  in  which  the  fixed  vegeta- 
tion is  lacking. 

With  increase  of  the  water  body  in  size  or  more  especially  in 
depth,  new  conditions  are  presented.  The  littoral  region  passes 
over  insensibly  into  a  deeper  bottom  region  with  its  own  biological 
series  and  to  a  free  open-water  area  known  as  the  limnetic  region. 
The  corresponding  region  la  the  ocean  is  designated  the  pelade 
and  this  term  is  also  used  by  some  for  the  fresh-water  area.  The 
plants  and  animals  in  this  region  are  characteristic;  they  constitute 
what  is  called  the  plankton,  the  floating  life  of  the  water.  Such 
organisms  remain  suspended  in  water  during  their  entire  existence; 
they  hve  and  die  "on  the  wing."  In  the  larger  lakes  the  shore 
zone  loses  in  prominence  whereas  the  pelagic  and  bottom  regions 
gain  in  distinctness  and  relative  importance. 

Lakes  vary  widely  in  character  and  abundance  in  different 
regions.  They  are  infrequent  m  areas  that  are  physi<^raphically 
old  and  most  abundant  in  glaciated  territory,  where  they  occur 
in  eroded  rock  basins,  in  partially  filled  rock  valleys,  in  hollows 
over  the  moraine,  and  more  rarely  at  the  margin  of  the  ice  sheet. 
Sometimes  lakes  are  foimd  in  old  volcanic  craters,  in  the  depres- 
aons  of  a  lava-covered  area,  or  behind  a  lava  flow  dam.  They 
occur  regularly  in  streams  as  mere  expanaons  in  the  course  or  are 
formed  by  the  inflowing  delta  of  a  lateral  tributary  or  when  the 
stream  breaks  through  a  narrow  neck  and  leaves  an  ox  bow  or  cut- 
off lake  at  the  ade.  One  finds  them  often  on  low  coastal  plains 
some  distance  from  the  shore,  more  commonly  close  to  the  sea 
and  even  on  the  same  level  with  it.  Old  lakes  without  an  outlet 
become  strongly  alkaline  or  saline  and  develop  aquatic  life  of  a  type 
peculiar  to  each.  Most  lakes,  however,  are  fresh  and  shelter  organ- 
ians  of  the  same  general  type. 

Taken  tc^ther  lakes  compose  one-half  the  fresh  water  on  the 
surface  of  the  globe.  They  present  an  infinite  variety  of  physical 
features  in  rocky,  sandy,  swampy  margins,  in  steep  and  shallow 
shores,  in  regular  and  broken  contours  with  no  islands  or  many, 
with  shallow  water  or  depths  that  carry  the  bottom  far  below  the 
level  of  the  sea. 
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They  vary  in  the  chemical  character  of  the  soil  in  the  lake  basin 
as  well  as  in  their  banks  and  bed,  in  the  degree  of  exposure  to 
wind  and  sunshine,  in  the  relative  inflow  and  outflow  in  ratio  to 
their  volume,  in  their  altitude  as  well  as  in  gec^raphic  Iocati(m. 
'All  <rf  these  and  many  other  factors  modify  and  control  the  types  of 
fiving  things  and  their  abundance  in  the  waters.  Lake,  pond, 
and  swamp  are  succes^ve  stages  in  change  from  the  water-filled 
hollow  to  the  tenestriat  plain  that  ultimately  occupies  the  same 
location.  Along  the  margin  of  the  lake,  especially  at  the  points 
where  tributary  streams  empty  into  it,  the  inflowing  water  brings 
detritus  of  all  sorts  that  builds  out  the  shore  and  forms  a  shelf  on 
which  the  littoral  vegetation  gains  a  foothold.  As  the  lake  grows 
old  this  region  increases  at  the  expense  of  the  pelagic  and  bottom 
areas,  until  the  latter  disappears  and  the  former  persists  only  in 
reduced  amount.  Finally  the  entire  area  is  conquered  by  depodts 
of  sUt  and  growth  of  vegetation.  The  swamp  comes  and  is  made 
over  into  dry  land  traversed  in  winding  channels  by  the  stream 
system  that  is  responable  for  these  chaises.  In  other  cases  the 
outflowing  stream  cuts  down  the  level  and  ultimately  drains  the 
lake. 

Lakes  are  thus  in  a  geologic  sense  only  temporary  features  of 
the  river  system  to  which  they  belong.  Similar  influences  direct 
the  evolution  of  the  stream  from  the  violent  instability  of  its 
youth  to  the  sluggish  stability  of  its  age.  During  this  process  of 
evolution  the  life  in  the  waters  imdergoes  parallel  changes.  At 
first  the  fauna  is  scanty  but  increases  in  numbers  and  variety  as 
new  habitats  are  created.  Unstable  and  intermittent  conditions 
indicate  paudty  of  life;  but  wh^  the  aquatic  environment  be- 
oMnes  more  permanent  organiama  more  easily  invade  the  territory 
successfully  and  its  life  grows  increasingly  complex  as  time  goes  on. 

Lakes  influence  noticeably  the  life  of  a  stream  system  in  that  they 
act  as  filters  or  settling  basins  for  inflowing  waters  and  also  regulate 
the  volume  of  the  discharge;  thus  the  outflowing  stream  is  free 
fixno  sediment  and  approaches  constancy  in  level.  This  greater 
permanence  militates  against  the  development  of  certain  types  of 
life  but  favors  others.  The  continued  dilution  of  the  stream  by 
the  addition  of  water  free  from  life  and  the  removal  of  such  organr 
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isms  as  are  produced  at  a  given  point  by  the  constant  flow  of  the 
water  make  the  river  plankton  scanty  in  amount,  but  many  fresh- 
water lakes  produce  an  immense  number  of  pknktbn  organisms. 
These  have  been  much  studied  in  recent  years  and  about  them 
alike  in  ocean  and  fresh  water  has  grown  up  a  new  study,  Flank- 
tology,  the  Flanktonkunde  of  the  Germans. 

Among  the  forms  of  the  open  water  are  some,  primarily  the  fishes, 
which  manifest  individual  power  of  movement  adequate  to  make 
them  indepeikdent  of  water  movements,  storms,  and  distances. 
They  can  thus  determine  their  own  distribution  in  an  active  fashion 
and  stand  in  mailed  contrast  with  the  plankton,  for  the  latter  is 
unable  to  regulate  effectively  its  location,  and  is  dependent  upon 
the  winds  and  waves  for  its  dispersal.  Typical  photon  organ- 
isms, in  fresh  water  known  together  as  the  limnoplankton,  are 
found  only  in  water  bodies  of  some  size,  whereas  in  small  lakes  or 
ponds  the  circumscribed  open-water  area  contains  life  which  con- 
nsts  of  migrants  from  shore  and  shallow  water  regions.  Whereas 
on  the  land  higher  forms,  eq>eciaUy  domestic  animals,  depend  on 
the  higher  fixed  plants  for  food,  in  the  water  the  higher  types  de- 
pend upon  the  smaller  floating  plant  and  animal  organisms  which 
transform  inorganic  materials  and  organic  debris  into  available 
food  substances. 

The  floating  oi^anisms  which  taken  together  constitute  the  plank- 
ton are  grouped  into  two  purely  artificial  classes  according  to 
methods  used  in  collecting.  The  constant  use  of  fine  nets  (cf.  p.  74) 
for  coUecting  plankton  organisms  led  to  a  conception  of  this  type 
of  life  that  unconsciously  asdgned  a  miniitiiim  limit  in  size.  Thus 
the  organisms  taken  in  the  plankton  net  are  all  that  the  older 
authors  included  under  the  term  plankton,  an  assemblage  which 
should  be  termed  more  correctly  the  net  plankton.  It  is  well  known 
throu^  the  work  of  many  mvestigators  during  recent  years  and 
includes  a  great  variety  of  Crustacea  and  Rotifera  with  many  Pro- 
tozoa and  Frotophyta,  and  less  regularly  some  other  types. 

)^tbin  very  recent  times  there  has  been  obtained  by  more 
precise  methods  of  collecting  what  has  been  termed  by  Lohmann 
the  nannoplankton  (dwarf  plankton)  with  a  size  limit  he  set  arbi- 
trarily at  2$ti.    It  counts  of  the  most  minute  organisms  only, 
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those  that  (Fig.  i)  pass  through  the  meshes  of  the  finest  silk  gauze, 
Swiss  bolting  cloth  No.  25*  having  meshes  that  measure  0.04  to 
0.05  mm.  square.  The  nannoplankton  is  composed  chiefly  of 
flagellates  and  algx;  although  bacteria  are  constantly  present  they 
aiq>arently  fonn  but  a  minor  con- 
stituent in  bulk  and  weight.  The 
number  and  variety  of  these  or- 
ganisnos  Is  truly  astonishing  even 
in  the  clear  waters  of  Alpine 
lakes  where  according  to  Ruttner 
they  stand  to  the  organisms  of 
the  net  plankton  numerically  in 
the  ratio  of  ido  :  3  and  at  least 
two-thirds  of  them  are  still  un> 
described  and  difflcult  to  include 
in  known  genera.  The  maximum 
number  of  nannoplanktonts  thus 

far  recorded  is  from  Late  Men-  ,«.  ,.  ^  ptc.  »<  boiocg  doth  No, 
dota,  Wis.,  where  Cyclotella  has     &^„S5^,*aw»w^«!£ 
been  foimd  to  the  nmnber  of  over 
30,000,000  per  Uter  of  water. 


Ruttner  also  calculates  the  vol-  BaiUriamtra,miicku,ao,lirimm.    Ulddlcn>w. 

,     ,  ,       ,  .        ,  Ul  aab:   Tmtinimtnj  Mna,  TiMimmi  iian- 

Ume  of  the  nannoplankton  m  the  ""t*-  OiynUi  UoHKyilima;    middle  mob: 

'^  chain  of  smill  CiatUcms  ipecio.  tbove  it  on 

Lunzer  lakes  as  three  times  that  |S„"tSSfw.'Sir'Srii~w 

or  net  plaokton.     According  to  fcSi.«S^^^ii"Sr'iatS 

Birge  and  Juday  the  weight  of  its  ^i^SS'^iSZi.'S^jSSi.fa'Jilw.'SSi!; 

dry  organic  matter  varies  in  three  'SS-.£SS!.&^pL!iSSi!!tSS. 

n_  -11  [  1-11  OB  the  ligbi  Cixalilliaplufa  Uplcpera,  tbove  oa 

WlSCOnsm      lakes      from      Shghtly       the  light  ChiynnuiudiiK  without  ibeU,  it  tha 

,  ,    ,  .  wrj    botlom  lUiaiiltipkiitra  clmita.     X  no. 

less  (rarely;  to  15  or  20  tunes  (After  Lohmiano 
more  than  that  of  the  net  plankton  and  is  ordinarily  5  to  6  times 
as  great  This  amount  is  unquestionably  of  marked  importance 
both  scientifically  and  practically,  and  the  character  of  the  or- 
ganisms indicates  even  more  clearly  their  fundamental  impor- 
tance in  the  problems  of  aquatic  biology. 

Plankton  organisms  are  characterized  by  transparency,  delicate 

colors,  and  above  all  by  their  power  of  floating  due  to  buoyancy  and 

*  New  No.  35  IB  identical  with  No.  to  of  older  authon  (Lohmaiui}. 
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fonn  resistance  in  contrast  with  related  organisms.  The  buoyancy 
is  achieved  by  oil  droplets  and  gas  hubbies  formed  in  the  cells 
whereas  heavy  cell  walls  and  skeletal  structures  are  wanting.  Flo- 
tation-apparatus in  the  shape  of  lateral  wings,  bristles,  ^ines, 
or  a  body  form  like  a  parachute,  a  spiral  thread,  or  a  gelatinous 
cover  —  provides  against  rapid  sinking.  Ostwald  has  determined 
that  the  rate  of  sinking  is  equal  to  the  excess  weight  of  the  organism 
above  that  of  an  equal  water  volume  divided  by  the  product  of  the 
form  resistance  and  the  viscosity  of  the  fluid. 

Generally  ^>eaking  great  depth  in  a  water  body  and  large  inflow 
in  proportion  to  volume  are  unfavorable  to  the  abundant  develop- 
ment of  the  plankton  organisms  whereas  minimal  depth  and  scanty 
inflow  favor  the  production  of  plankton. 

When  water  is  first  d^>osited  on  the  earth  it  is  almost  absolutely 
pure,  containing  only  the  minute  amount  of  materials  which  it 
has  leached  out  of  the  atmosphere.  From  the  ground  over  which 
it  flows  or  the  soil  through  which  it  percolates  come  substances 
organic  or  inorganic,  in  solution  and  suspension,  here  of  one  type 
and  there  of  another,  that  serve  to  enrich  it  and  make  of  it  an 
environment  capable  of  supporting  life.  "The  aquatic  popula- 
tion of  a  lake  or  stream  is  thus  sustained  by  the  wastes  of  the  land, 
materials  which  would  otherwise  be  carried  down  practically  un- 
altered to  the  sea;  and  rivers  and  lakes  may  be  looked  upon  as  a 
huge  apparatus  for  the  arrest,  appropriation,  digestion,  and  asdmi- 
lation  of  certain  raw  materials  about  to  pass  from  our  control" 
(Forbes). 

For  the  determination  of  physical  data  on  the  character  of  bodies 
of  water,  methods  and  apparatus  of  considerable  complexity  have 
been  devised,  largely  by  students  of  oceanography,  and  adapted 
later  to  fresh-water  conditions.  By  such  means  the  investigator 
is  enabled  to  measure  in  a  comparative  way,  and  sometimes  in 
absolute  fashion,  and  to  record  environmental  conditions  such  as 
the  depth,  temperature,  turbidity,  and  other  physical  features  of 
the  water  body.  Some  of  these  determinations  are  dmple  and 
require  only  limited  apparatus;  others  are  complex  and  beyond 
the  powers  of  the  ordinary  student  of  aquatic  biology.  The  appli- 
cation of  such  data  to  biolo^c  problems  is  discussed  in  part  in  the 
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following  chapter.  An  adequate  consideration  of  methods  and 
a{q>aratus  demands  more  space  than  is  available  here  and  for 
further  information  the  stiident  is  referred  to  manuals  dealing  with 
that  phase  of  aquatic  investigation.  General  methods  of  coUect- 
JDg  and  photi^raphing  aquatic  organisms  form  the  subject  of  a 
sqjarate  chapter  while  such  methods  as  are  applicable  to  the  study 
of  each  special  group  are  discussed  in  the  chapter  on  that  group. 

The  environment  of  water  organisms  as  of  all  others  is  a  com- 
plex of  many  elements.  The  physical  factors  are  determined  by 
the  materials  held  in  suspension  or  in  solution  in  the  water,  by  its 
temperature,  depth,  movement,  illununation,  shore  and  bottom. 
Chemical  factors  are  found  in  the  acidity  or  alkalinity  of  the  water 
and  in  the  gases,  salts,  and  other  materials  in  it.  The  organisms 
themselves  make  the  biological  environment  Living  or  dead,  as 
food  or  feeder,  parasite  or  host,  friend,  enemy,  or  neutral,  each 
living  thing  contributes  to  the  sum  total  of  the  biological  complex 
by  which  each  living  unit  is  surrounded.  It  is  the  problem  of 
science  to  unravel  this  tangle  and  to  determine  the  relation  of  each 
constituent,  living  or  non-living,  to  the  others.  The  conditions  of 
existence  to  which  organisms  are  subject  in  different  aquatic  en- 
vironments and  the  influence  which  these  environments  exert  on 
organisms  in  general  are  discussed  in  the  following  chapter.  In 
subsequent  chapters  an  attempt  has  been  made  to  present  these 
relations  as  illustrated  by  each  group  of  organisms.  To  become 
thoroughly  acquainted  with  a  single  group  involves  a  knowledge 
of  the  relations  its  members  bear  to  every  other  organism  in  the 
community. 

No  climate  is  too  rigorous  for  fresh-water  life.  It  exists  in 
fresh-water  lakes  at  77"  N.  L,,  hardly  if  ever  free  from  ice,  often 
only  slightly  melted  and  with  a  maximum  temperature  of  less  than 
2°  C.  at  the  bottom.  The  Shackleton  expedition  described  an 
extensive  microfauna  at  77°  30'  S.  L.  from  Antarctic  lakes  that 
are  frozen  solid  for  many  months,  often  for  several  years.  At  the 
other  extreme  of  temperature  evidence  is  less  complete  but  Cypris 
b  recorded  from  hot  springs  at  50°  C,  dilates  and  rotifers  from 
waters  at  65°  C,  Oscillaria  and  uostocs  from  places  that  are 
recorded  at  70°  to  93°  C. 
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The  aquatic  life  of  a  peimanent  fresh-water  body  is  variable 
within  certain  limits  of  time  aod  space.  Each  season  witnesses 
the  coming  and  going  of  certain  types  which  are  active  only  in 
definite  periods  and  by  resting  spores,  gemmules,  or  eggs  bridge 
over  the  intervening  time.  This  known  seasonal  succesaon  is  so 
definite  that  it  gives  the  life  of  fresh  water  a  changing  character 
as  clear  if  not  as  conspicuous  to  the  eye  as  that  on  land.  One 
may  readily  confuse  with  seasonal  succes^on  (i)  the  niunerical 
variation  of  a  species  or  group  due  to  favorable  or  unfavorable 
conditions,  and  (2)  the  migrations  which  alter  vertically  or  hori- 
zontally through  various  water  levels  the  distribution  of  a  given 


One  can  demonstrate  also  a  stratification  of  aquatic  organisms 
of  at  least  two  types:  vertical,  as  when  different  species  are  found 
to  occur  within  definite  limits  of  depth,  and  horizontal,  as  when 
species  are  confined  to  particular  regions  of  streams  or  lakes.  Such 
relations  are  discussed  fully  elsewhere. 

Peculiar  types  of  aquatic  environment,  such  as  elevated  lakes, 
saline  lakes,  and  xmderground  waters,  have  each  spedal  types  of 
living  onanisms.  Some  of  these  special  environments  have  been 
made  the  objects  of  extended  study  which  has  shown  the  clear  rela- 
tion of  thdr  life  to  that  of  other  fresh-water  bodies  of  the  region 
while  demonstrating  at  the  same  time  that  they  present  a  distinct 
character  of  their  own  (cf.  Zschokke,  Banta). 

The  life  of  fresh  water  is  probably  not  original  but  derived.  It 
came  from  the  sea,  by  migration  through  brackish  waters  or  swamps 
or  up  into  stream  systems,  by  the  gradual  freshening  of  marine 
basins  cut  off  from  the  sea  and  converted  into  fresh-water  bodies, 
by  direct  transport  from  one  body  of  water  into  another  through 
the  agency  of  the  wind,  on  the  feet  of  birds  or  other  wandering 
animab,  and  finally  by  invasion  from  the  land  direct.  Perhaps 
the  bottom  forms  came  first,  as  conditions  there  were  first  established. 
Certainly  the  plankton  forms  found  no  opportunity  for  existence 
in  the  violent  instability  of  a  young  stream.  At  present  the  shore 
forms  are  the  most  abundant  and  the  most  varied. 

In  some  deep  lakes  has  been  found  a  peculiar  bottom  fauna, 
designated  as  the  fauna  rehcta,  which  is  composed  of  types  unlike 
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Other  fresh-water  forms  and  closely  related  to  marine  animals. 
This  fauna  is  often  regarded  as  the  survival  from  a  period  when 
connections  with  the  ocean  were  more  immediate,  or  when  climatic 
conditions  were  different  as  during  a  gladal  epoch. 

The  poverty  of  fresh-water  life  in  variety  and  number  of  types 
in  comparison  with  that  of  the  sea  has  often  been  emphasized. 
Experimental  data  show  it  can  hardly  be  due  to  lack  of  o[^rtu- 
nity  for  marine  organisms  to  adapt  themselves  to  fresh  water  for 
in  some  geologic  periods  conditions  have  been  very  favorable 
though  in  others  distinctly  the  opposite.  The  severity  of  the 
fresh-water  climate,  the  obstacle  of  an  ever  outflowing  current 
and  the  relative  newness  of  fresh-water  bodies  are  evident  difficul- 
ties. Furthermore  marine  animals  have  generally  free-swimming 
embryos,  distributed  by  water  movements  and  sure  therefore  to  be 
eliminated  gradually  from  the  fresh-water  environment  even  if 
the  adults  were  introduced  successfully.  Fresh-water  animals 
rarely  have  free-swimming  larval  stages  and  manifest  what  is 
known  as  an  accelerated  or  abbreviated  devel<^inent  in  which  the 
young  on  emer^ng  from  the  egg  is  at  a  well-advanced  stage. 

Man  has  been  a  powerful  agent  in  modifying  fresh-water  life. 
By  hunting  and  fishing  he  has  exterminated  many  forms  directly. 
Through  modifications  of  streams  or  shore  for  commercial  pur- 
poses he  has  indirectly  eliminated  many  more  and  finally  by  pol- 
luting the  waters  with  sewage  and  waste  he  has  rendered  extensive 
water  areas  almost  devoid  of  aquatic  life  except  bacteria  and  even 
inc£^)able  of  supporting  any  bther  forms.  Streams  below  great 
dties  and  in  mining  and  manufacturing  districts  are  aquatic 
deserts. 

Fresh-water  biology  is  relatively  a  new  field  of  study.  Its 
earliest  records  on  this  continent  are  hardly  more  than  half  a  cen- 
tury old.  Among  individual  investigators  in  this  field  mention 
should  first  be  made  of  S.  A.  Forbes,  whose  pioneer  work  on  the 
Great  Lakes  has  been  fdlowed  by  important  work  on  the  Illinois 
river  system.  The  woric  of  Bitge  on  Wisconsin  lakes,  of  Reighard 
on  Lakes  Erie  and  St.  Cl^,  and  of  Kofoid  on  the  Illinois  river, 
warrant  also  especial  notice.  Many  others  whose  names  and  work 
are  recorded  in  the  following  chapters  have  made  valuable  con- 
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tribudons  to  the  general  and  spedal  problems  of  fresh-water 
biolc^. 

Fresh-water  biological  stations  have  aided  by  organized  effort 
the  conquest  of  the  &eld.  The  activities  of  the  Illinois  State 
Laboratory  of  Natural  History  on  the  Illinois  river,  of  the  Wis- 
consin Geological  and  Natural  History  Survey  on  the  lakes  in  that 
state,  of  the  U.  S.  Bureau  of  Fisheries  on  the  Mississippi,  of  Ohio 
State  University  on  Lake  Erie,  of  the  University  of  Montana 
Biological  Station  on  Flathead  Lake  in  the  Rocky  Mountains, 
show  the  variety  and  scope  of  these  interests.  Unfortunately 
only  the  first  three  are  active  all  the  year  through.  Other  uni- 
versities, notably  Michigan,  Indiana,  Iowa,  Colorado,  North 
Dakota,  and  ComeU,  have  participated  in  the  study  of  fresh-water 
life  during  part  of  the  year  or  for  a  short  series  of  years,  and  much 
emphasis  has  been  laid  upon  the  lake  biological  station  as  a  factor 
in  teaching  biology.  Few  of  these  enterprises  have  had  contin- 
uous existence  or  permuient  support.  Such  institutions  are  slowly 
but  surely  gaining  ground;  their  future  development  will  aid  both 
the  investigations  of  pure  science  and  the  application  of  such  dls- 
coveries  to  the  solution  of  practical  problems.  The  significance 
for  man  of  the  problems  outlined  in  this  chapter  and  their  bearing  ' 
upon  the  progress  of  social  development  have  been  discussed  in 
the  final  chapter  of  the  book. 

Save  insects  which  moreover  are  primarily  terrestrial  forms,  no 
type  of  fresh-water  life  has  developed  to  the  diversity  and  com- 
plexity attained  by  the  same  type  in  the  ocean.  Yet  each  type 
has  achieved  a  variety  well  illustrated  in  the  subsequent  chapters. 
Only  a  few  of  those  that  occur  in  the  ocean  are  unrepresented  in 
fresh  water  and  even  strictly  terrestrial  groups  like  the  mammals 
and  flowering  plants  or  aerial  forms  like  birds  have  their  aquatic 
representatives.  In  subsequent  chapters  each  of  these  groups  is 
discussed  from  the  biological  standpoint  and  in  its  e^>ecial  rela- 
tions to  fresh-water  life  as  well  as  with  regard  to  its  relative  impor- 
tance as  a  factor  in  the  fresh-water  flora  and  fauna. 

The  records  of  science  contain  only  scanty  referencss  to  the 
types  of  fresh-water  life  and  their  distribution  on  the  North  Amer- 
ican continent,  and  regarding  all  other  continents  save  one  the 
records  are  even  more  fragmentary.    Of  Europe  alone  is  the  in- 
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formation  adequate  to  outline  a  picture  of  the  life  in  fresh  water. 
A  comparison  of  the  records  shows  conspicuously  the  uniformity 
o(  fresh-water  life  on  the  surface  of  the  globe,  especiaUy  among 
plankton  organisms.  Many  of  the  forms  discussed  on  later  pages 
are  identical  with  those  that  occur  in  Europe  and  many  more  are 
closely  related  species.  The  imiformity  noted  is  not  confined  to 
EuK^  and  North  America,  but  extends,  within  the  limits  of  records 
already  made,  to  other  continents  also  and  even  to  the  islands  of 
the  sea.  It  is  most  striking  perhaps  among  the  lowest  groups 
as  was  emphasized  by  Schewiakoff  for  Protozoa. 

Tliis  uniformity  is  due  in  part  at  least  to  the  ease  of  di^wrsal 
that  the  lower  forms  in  the  fresh-water  fauna  and  flora  enjoy. 
They  imiformly  have  hard-shelled  resting  spores,  genunules,  or 
eggs  which  are  very  resistant  to  adverse  conditions,  and  are  pro- 
duced in  enormous  numbers.  These  structures  are  carried  from 
point  to  point  on  the  feet  of  birds  and  other  migrating  ^nimnlff 
and  are  blown  about  in  the  dust  until  suitable  conditions,  e.g., 
temperature  and  moisture,  incite  development  and  the  beginning  of 
a  new  life  cycle. 

Fresh-water  life  includes  both  plant  and  animal  organisms  of 
various  types.  The  number  of  groups  represented  among  the  plants 
is  not  so  great  as  the  animaU  fiunish.  For  details  on  individual 
groups  the  student  is  referred  to  the  ^propriate  chapter.  The 
following  plant  groiq)s  are  found  in  fresh  water: 
SdiizomrceteB  Lowest  type  of  plant  life  in  the  water;  either 
or  Bacteria  saprophytic  or  parasitic  in  habit;  found  in  great 

variety  in  different  sorts  of  aquatic  environment. 
For  a  general  discussion  of  their  relations  to 
fresh  water  consult  Chapter  IV,  page  90. 
Alcw  Characteristic    and    abundant    aquatic    plants, 

nearly  all  free-living,  found  in  all  kinds  of  water 
bodies;  represented  by  a  great  variety  of  genera 
and  species. 
For  Cyanophyceae  or  Blue-Green  Algae,  see 
Chapter  V,  page  100. 
For  other  classes  of  Algae  see  Chapter  VI,  page 
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H]^«r  Flutti  Among  these  plants  which  are  more  typically 

land  organisms,  a  few  spedes  of  various  sorts  have 
become  a  part  of  the  fresh-water  flora.    In  this 
change  they  have  undergone  important  modiflca- 
tions  adapting  them  to  an  aquatic  existence.    No 
synoptic  treatment  of  these  forms  has  been  at- 
tempted. 
For  general  hiological  relati<His  involved  see 
Chapter  VII,  page  178. 
Animals  are  represented  in  fresh  water  by  many  more  types  and 
varieties  than  are  plants.    A  brief  outline  of  the  various  animal 
groups  indicates  in  general  the  part  played  by  each  in  aquatic  life 
and  will  serve  to  correlate  the  various  chapters  dealing  with  in- 
dividual groups.    Zoologists  are  not  agreed  as  to  the  number  and 
rank  of  the  subdivisions  of  the  animal  kingdom  which  should  be 
recognized;    and  other  texts  will  show  some  variations  from  the 
system  used  here.    The  student  should  bear  in  mind  that  the  order 
in  the  printed  text  does  not  express  the  relationship  between  hi^er 
and  lower  groups  and  no  arrangement  in  a  linear  series  can  show 
that  relationship.    The  phyla  are  indicated  by  full-faced  type. 
Piotozoa  Characteristic  water-living  forms  with  numerous 

orSiiigl»-  parasitic  types;    represented  in  fresh  water  by 

celled  Animals  .     ,  ^t    e        .■  ... 

many  speaes  frequently  found  m  great  abundance; 

in  all  regions  and  in  all  types  of  water  bodies.  The 
following  four  sub-phyla  are  usuaUy  recognized. 
The  amoeboid  Protozoa  furnish  both  free-living 
and  parasitic  species. 

For  the  former  see  Chapter  VIII,  page  310. 
Flagellate  Protozoa  include  both  free-living  and 
parasitic  species;    forms  of  the  first  type  are 
treated  in  Chapter  IX,  page  238. 
Ciliate  Protozoa  include  both  free  and  parasitic 
spedes. 

For  the  former  see  Chapter  IX,  page  271. 
Exduavely  paraatic  forins;    certain  types  are 
abundant   in    fresh-water    animals   everywhere. 
North  American  forms  almost  unknown.     Group 
not  treated  in  this  book. 
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Preeminently  marine;  fresh-water  bodies  shelter 
a  conaderable  number  of  characteristic  siliceous 
forms  all  embraced  in  a  single  family,  Spongillidae. 

These  are  described  in  Chapter  X,  page  301. 
A  group  manifesting  great  variety  and  abundance 
in  the  sea,  represented  in  fresh  water  by  a  very  few 
widely  scattered  types,  both  polyps  and  medusae, 
all  belonging  to  one  class,  the  Hydrozoa;  other 
classes  confined  to  the  sea. 

For  Hydrozoa  see  Chapter  XI,  page  316. 
Includes  crinoids,  brittle-stars,  starfish,  sea-ur- 
chins, and  sea-cuciunbers;  not  represented  in  fresh 
water  by  a  single  known  species. 
Four  classes  are  recognized,  aU  of  which  furnish 
important  r^resentatives  to  the  fresh-water 
fauna. 

Common  in  salt  and  fresh  waters;  species  found 
£*  F«KB-LiviNc  in  tjjg  latter  generally  insignificant  in  aze.    A  few 
are  terrestrial  in  moist  enviromnents. 

See  Chapter  XII,  page  323. 
Tkeuatoda  All  species  parasitic;  many  in  or  on  fresh-water 

OK  Fldkm  animab;  with  developmental  stages,  embryos 
(miraddia)  and  larvse  (cercariae)  that  occur  free- 
swimming  in  fresh  water. 

See  Chapter  XIII,  page  369. 
Exclusively  para^tic  forms.    Adults  common  in 
fresh-water  vertebrates;  developmental  stages  in 
various  aquatic  animals,  mostly  invertebrates; 
rarely  with  a  free-swimming  embryonic  stage. 

See  Chapter  XIII,  page  424. 
Mostly  marine;  a  very  few  spedes  of  small  size 
and  simple  organization  widely  distributed  in 
fresh  water. 

See  Chapter  XIV,  page  454. 
A  confused  group  of  three  classes  showing  little 
similarity  in  structure  and  associated  in  a  ^gle 
phylum  largely  as  a  matter  of  convenience.    All 
are  well  represented  in  the  fresh-water  fauna. 


OS  Tapewouis 


.dbyCoOgIc 


i6  FRESH-WATER  BIOLOGY 

Nehatoda  Both  free  and  parasitic  forms  common  in  all  sorts 

otTbotRound-  of  enviromnents;   free-living  spedes  most  abun- 
dant in  fresb  waters  and  in  moist  soils;  parasitic 
species  common  in  fresh-water  hosts. 
For  free-living  Nematoda,  see  Chapter  XV, 
page  459- 

For  parasitic  Nematoda,  see  Chapter  XVI, 
page  510. 
GoRDiACEA  Parasitic  m  young  hfe  in  insects;  adult  stage  free- 

OB  Haib  Skates  living  Jq  fresh  water. 

See  Chapter  XVI,  page  535. 
AcANTHOCEFEALA    ExclusivcIy  [)arasitic,  without  trace  of  alimentary 
OS  Thobny-       system.    In  many  fresh-water  hosts.    Adults  in 
vertebrates;     larval '  forms   imperfectly   known, 
parasitize  invertebrates. 
See  Chapter  XVI,  page  542. 
Trochdoilnfliw        Among  the  most  characteristic  of  aquatic  or- 
orTroehBl  ganisms.    Favorite  objects  of  study  with  the 

early  microscopists. 
Rotatoria  Microscopic  free-living  forms,  very  rarely  para- 

OB  Whmi         ^tjc.    Abundant  in  fresh-water  bo«iies  of  all  sorts: 
rare  m  the  sea. 
See  Ch^ter  XVEI,  page  553. 
Gaetbotbicha       Minute  free-Uving  forms.   Abundant  in  fresh  water 
to  which  the  group  is  limited.    Imperfectly  known. 
See  Chapter  XVIII,  page  621. 
Coelhflliiilnthes        Two  classes  in  fresh  water  both  well  represented; 
(Annelida)  other  classes  exclusively  marine, 

or  Sf  gmented 
Wofmi 

Craetopoda  OB     One  sub-class  (Polychaeta)  confined  to  the  sea 
Bbibtle  Wobms  3^yg  f{jf  jgje  types  in  fresh-water  bodies  near  the 
ocean;   the  other  sub-class  (Oligochaeta)  found 
mostly  in  fresh  water  and  on  land. 

See  Chapter  XIX,  page  632. 
Both  free-living  and  parasitic  species,  the  former 
mostly  in  fresh  water  with  a  few  species  also  on 
land  in  moist  regions;  rarely  marine,  as  ectopara- 
sites of  fishes. 
See  Chapter  XX,  page  646. 
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Three  of  tbe  five  classes  usually  recognized  are 
found  in  fresh  water. 

Only  one  sub-class,  Cirripedia  or  Barnacles  fur- 
nishes no  fresh-water  representatives.  The  others 
are  well  represented  in  the  fresh-water  fauna. 
With  few  exceptions  free-living  forms. 

For  Fhyllopoda  see  Chapter  XXI,  page  66i. 

For  Cladocera  see  Chapter  XXII,  page  676. 

For  Copepoda  see  Chapter  XXIII,  page  741. 

For  Ostracoda  see  Chapter  XXIV,  page  790. 

For  Malacostraca  see  Chapter  XXV,  page  828. 
Chiefiy  terrestrial  with  some  parasitic  forms. 
One  or  two  spiders  have  secondarily  invaded  fresh 
water.  Among  the  mites  one  sub-order,  the  Hy- 
dracarina,  is  exclusively  aquatic.  Nearly  all 
species  inhabit  fresh  water. 

For  Hydracarina,  or  Water  Mites,  see  Chapter 

XXVI,  page  851. 
Two   aberrant   groups    often    attached    to  this 

class  are  tlie  following: 

Linguatulida,  exclusively  parasitic,  occur  rarely 

in  fresh-water  hosts. 

Tardigrada,  minute  free-living  forms  known  as 

water  bears;  a  few  species  not  uncommon  in 

fresh  water. 
Typically    land    animals   which   in   some   cases 
(especially  for  developmental  stages)  have  gone 
into  fresh  water  and  manifest  secondary  adapta- 
tions to  aquatic  life. 

See  Chapter  XXVII,  page  876. 
Of  two  classes,  one,  the  Brachiopoda,  is  exclusively 
marine.    The  other  follows: 
Sessile  animals,  nearly  always  colonial;    exclu- 
sively free-living;   chiefly  marine  but  with  some 
fresh-water  forms  widely  distributed. 

See  Chapter  XXVIII,  page  947. 
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Of  the  five  classes  commonly  recognized,  three 
which  are  relatively  small  are  not  represented  in 
fresh  water.  Two  main  classes  Lamellibranchia 
(bivalves)  and  Gastropoda  (univalves)  common  in 
fresh  waters,  widely  distributed. 

See  Chapter  XXIX,  page  957. 
Three  of  the  four  sub-phyla  are  exclusively 
marine  in  distribution;  but  the  fourth,  the  Verte- 
brata,  which  is  also  the  largest  and  best  known, 
plays  an  important  part  in  the  fresh-water  fauna. 
No  attempt  has  been  made  to  give  a  synopsis  of 
fresh-water  vertebrates. 

For  a  discussion  of  biological  relations  of  the 

Vertebrata  to  aquatic  existence  see  Chapter 

XXX,  page  1021. 
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CONDITIONS   OF   EXISTENCE 

Bv  VICTOR  E.  SHELFORD 


Conditions  of  existence  are  of  importance  only  in  so  far  as  they 
afiect  the  life  and  death  processes  of  organisms.  The  present 
knowledge  of  such  effects  is  far  from  complete  and  there  is  justifi- 
cadoD  for  noting  in  detail  only  those  conditions  which  observation 
and  experiment  have  shown  to  be  important.  Nevertheless  if  no 
scientific  observations  or  experiments  had  ever  been  made  upon 
(Uranisms,  water  and  its  properties  would  occupy  an  important 
place  in  a  discus^on  of  conditions  of  existence  of  aquatic  life. 

Water  possesses  certain  thermal  properties  and  certain  charac- 
teristic relations  to  other  substances  which  put  it  in  a  class  quite 
apart  from  the  vast  majority  of  chemical  substances  (Henderson). 
The  thermal  properties  of  water  are  such  as  to  make  it  a  very  fit 
condition  of  existence  for  organisms.  In  raising  the  temperature 
of  water  one  degree  centigrade,  several  times  as  much  heat  is  ab- 
sorbed as  in  the  case  of  various  other  common  substances,  except 
Bving  matter  itself.  This  property  moderates  both  winter  and 
sununer  temperatures  to  which  aquatic  organisms  are  subjected 
(Birge).  Ice  melts  at  fully  a  hundred  degrees  lower  than  the  fus- 
ing pcnnt  of  other  common  environmental  substances  and  the  latent 
heat  of  melting  ice  is  proportionately  high.  Thus  in  melting,  ice 
absorbs  large  quantities  of  heat  and  in  freezing  water  gives  off  this 
heat  again.  This  further  modifies  the  aquatic  climate  as  compared 
with  one  that  mi^t  be  afforded  by  some  other  substance.  The 
latent  heat  of  evaporation  of  water  is  also  relatively  high  and  this 
tends  to  prevent  the  evaporation  of  all  the  water  from  the  surface 
of  the  land. 

The  expansion  of  water  on  freezing  is  one  of  its  most  important 
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properties.  K  water  contracted  on  freezing  ice  formed  at  the  sur- 
face would  sink  to  tKe  bottom,  more  would  be  formed  and  accu- 
mulate at  the  bottom  in  winter.  Here  it  would  thaw  very  slowly 
or  not  at  all  in  summer  and  the  entire  siurface  of  the  earth  would 
thus  quickly  become  refrigerated.  The  expansion  of  water  on  heat- 
ing is  also  very  important  as  it  is  responsible  for  the  setting  up  of 
ciurents  which  ventilate  the  aquatic  environment. 

Water  is  by  far  the  most  general  solvent  for  other  substances. 
No  other  hquid  will  dissolve  so  many  common  substances.  Though 
it  is  one  of  the  most  stable  and  inert  compounds,  like  salts  in  solu- 
tion, it  dissociates  into  parts  or  ions  and  a  very  small  proportion 
of  pure  water  is  in  the  form  of  H'*'  (the  cation  bearing  a  positive 
electric  charge)  and  0H~  (the  anion  bearing  a  negative  electric 
charge).  These  ions  are  known  respectively  as  hydrogen  and 
hydroxyl  ions.  At  25°  C.  1000  grams  of  pure  water  contain 
0.000,000,1  gram  of  ionized  hydrogen  and  0.000,001 ,7  gram  of  ionized 
hydroxyl.  Salts  in  solution  in  water  are  ionized.  For  example 
common  salt,  NaCl,  exists  chiefly  as  Na"*"  and  Cl~.  Henderson 
states  that  solutions  in  water  are  the  best  source  of  ions.  The 
variety  and  complexity  of  the  environment  of  aquatic  oi^anisms 
and  the  number  and  variety  of  chemical  reactions  are  increased  by 
the  presence  of  ions. 

As  compared  with  air,  water  is  much  denser,  being  773  times  as 
heavy.  Gases  and  other  solutes  are  presented  to  organisms  in 
solution  and  gases  need  not  be  taken  into  solution  by  surface^ 
moistened  by  body  fluids  as  in  the  case  of  land  organisms.  The 
diffusion  of  gases  is  less  rapid  in  water  than  in  air.  Some  food 
substances  are  in  solution  in  water;  many  food  organisms  float  in 
it  on  account  of  its  great  density.  This  enables  some  aquatic 
animals  to  rest  in  one  position  and  secure  food  without  effort 

Physical  amd  Chemical  Conditions 

Physical  conditions  can  be  separated  from  chemical  conditions 
only  arbitrarily.  Combinations  of  the  various  physical  conditions 
in  water  may  be  included  under  the  term  physiography.  Phya- 
ography  in  the  broad  sense  includes  topography  of  the  land  asso- 
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dated  with  aquatic  environments,  size  and  texture  of  Burface  ma- 
terials, direction  of  prevailing  winds,  etc. 

In  streams  the  strength  of  the  current  is  a  function  of  volume  of 
water  and  slope  of  stream  bed.  The  amount  of  sediment  carried 
and  the  size  of  the  sediment  particles  is  determined  by  the  strength 
of  the  current  and  by  the  character  of  the  materiak  eroded.  The 
character  of  the  stream  floor,  the  ventilation  of  the  environment, 
and  hence  its  gaseous  content  as  well  as  turbidity,  are  determined 
by  the  same  factors.  All  these  factors  combined  comprise  impor- 
tant conditions  of  existence  which  while  they  influence  organisms  are 
often  so  difficult  to  analyze  into  constituent  controlling  factors  that 
for  ordinary  purposes  it  is  better  to  lump  them  together  under  the 
head  of  physiographic  conditions  in  streams.  Fbhes  and  moUusks 
migrate  upstream  during  floods  and  downstream  during  drought 
periods.  Thus  different  species  of  fishes  in  a  number  of  streams 
about  equally  accessible  to  Lake  Michigan  but  differing  in  size  and 
age  as  shown  in  Fig.  2  are  very  definitely  related  to  the  longitudinal 
conditions  in  the  various  streams,  each  fish  species  penetrating  up 
stream  to  a  point  characterized  by  certain  physiographic  conditions, 
regardless  of  the  size  of  the  stream  as  a  whole  (compare  Table  I 
with  Fig.  2).  An  analysis  of  the  physical  factors  to  which  the 
fishes  respond  and  which  thus  determine  the  locality  they  occupy 
would  be  a  very  intricate  task  but  by  a  simple  method  of  physio- 
graphic analysis  the  differences  in  their  ecological  constitution  is 
clearly  brought  out.  Thus  important  features  of  conditions  of  exist- 
ence may  be  determined  by  physiographic  analysis  and  the  clasafi- 
cation  of  streams  should  be  determined  by  physiographic  age  and 
physiographic  conditions. 

Conditions  of  existence  in  lakes  and  ponds  are  markedly  influ- 
enced by  physiographic  conditions.  High  surrounding  country 
broken  into  hills  and  valleys  influences  the  action  of  winds  on  the 
surface.  Wind  is  important  in  determining  circulation.  The  sur- 
rounding topography  determines  the  carrying  power  of  streams  and 
thus  the  amount  of  sediment  carried  into  lakes.  The  amount  of 
sediment  determines  the  depth  of  light  penetration. 

The  depth  of  lakes  and  ponds  is  definitely  related  to  physio' 
graphic  conditions.    Coastal  lakes  are  usually  shallow  with  sandy 
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or  muddy  bottom.  Morainic  lakes  are  usually  relatively  deep 
with  clay  bottoms  and  sides.  Solution  lakes  and  ponds  of  limestone 
r^ons  usually  have  abrupt  rocky  sides. 


"-"SS,^" 

> 

< 

. 

August,  igo7 
Semolilus  alronuculalus , . 

? 

: 

• 

• 

: 

Semoliius  alromatuialus . . 

Hhinicltthys  alronastts 

Boteosoma  nigrum 

Pimepkalti  promelas 

PimepMes  notatus 

Caloslomtu  commersonii. . 

September,  1909,  and  April, 

igio 

StmotUtu  alromacutatus. . 

Ckrosomus  erylhrogasUr . . 

Rkittifhthyt  alronasus 

BoUosoma  nigrum 

September,  1909 

Semoliius  atromaciUatus . . 
Ckrosomui  trythrogasUr . . 
RJiinickthys  alronasiti.  . . . 
Catostomus  commersonii. . 

Pimephales  nolalus 

Esox  vermicvlatus 

Lepomis  pallidus 

iiicroplerus  saimoidts  — 

Black-nosed  dace 

Johnny  darter 

Blackhead  minnow.... 
Blunt-nosed  minnow. . 

Common  sucker 

Pettibone  Creek' 

Red-bellied  dace 

Black-nosed  dacQ ..... 

Johnny  darter 

Common  sucker 

Bull  Creek-Dead  River. 

Red-bellied  dace 

Black-nosed  dace 

Common  sucker 

Blunt-nosed  minnow . . 
Little  pickerel 

Urge-mouthed    black 

Pomoxis  anmJaris 

iioxostoma  aureolum 

Erimyzon  sucella 

Abramis  crysoleucas 

Notropis  cornulta 

• 

Golden  shiner 

Common  shiner. 

Cayuga  minnow 

Sdhilbeodes  gyrinus 

Physical  factors  include  bottom,  currents,  light,  temperature, 
density,  pressure,  viscoMty,  etc. 

The  size  of  bottom  materials  is  an  important  condition  of  exist- 
ence.   In  streams  the  current  sorts  the  materials,  leaving  the  coars- 
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est  ia  the  swiftest  current  and  the  finest  in  the  most  slu^^ish  cur- 
rent. In  the  curves  of  streams  the  current  ia  usually  swiftest  on 
the  outside  and  most  sluggish  on  the  in^de.    Different  nnimnk 
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tend  to  occupy  the  different  kinds  of  bottom  materials  (Fig.  3). 
Thus  tbe  differentiation  of  bottom  constitutes  an  important  differ-. 
entiatioQ  of  conditions  of  existence. 

The  bottom  of  a  swift  stream  eroding  sandy  soil  is  very  tmstable 
and  the  fauna  very  sparse.  Such  streams  are  essentially  aquatic 
deserts  and  only  a  few  burrowers  are  able  to  live  in  them.  Sandy 
bottomed  streams  with  sluggish  current  have  a  luxuriant  fauna 
of  burrowers  and  flora  of  rooted  vegetation.  Rocky  and  stony 
streams  have  rich  faunas  of  clinging  and  hiding  animals. 

In  lakes  and  ponds  the  importance  of  bottom  is  determined  by 
the  strength  of  wave  action  and  the  amount  of  current.  The 
fine  bottom  materials  around  the  margin  of  a  large  lake  are  con- 
stantly moved  about;  the  particles  grind  upon  one  another  mak- 
ing the  presence  of  bottom  organisms  impossible.    Thus  the  sandy 


.dbyCoOgIc 


26  FRESH-WATER  BIOLOGY 

shores  of  the  Great  Lakes  down  to  a  depth  of  eight  feet  or  more  are 
usually  almost  entirely  without  bottom  organisms. 

The  character  of  terrigenous  bottom  is  an  important  condition  of 
existence  chiefly  where  current  or  wave  action  is  strong  and  becomes 
of  little  or  no  importance  where  there  is  no  movement,  as  in  the 
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bottom  of  one  of  the  Great  Lakes.  However,  bottoms  of  soft  muck 
containing  putresdble  organic  matter  occur  in  the  absence  of  current 
and  constitute  a  condition  of  existence  sharply  differentiated  from 
terrigenous  bottoms  because  they  can  support  only  certain  types  of 
organisms,  mainly  anaerobes,  and  but  few  of  these.  Many  aquatic 
animals  use  the  bottom  materials  in  the  construction  of  their  cases, 
nests,  etc.  Thus  the  caddis  worms  (certain  species  of  MoUana 
and  Geora)  build  cases  of  sand  grains  weighted  at  the  sides  by  small 
pebbles.  The  homed  dace  and  several  other  fishes  associated  with 
it  use  pebbles  to  build  their  nests.  The  pebbles  must  be  of  a  cer- 
tain average  size.    Many  animals  form  associations  (memory)  with 
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reference  to  certain  stones  or  pebbles  under  or  near  which  th^  live 
(e.g,,  mayfly  nymphs)  and  thus  work  out  simple  homing  paths. 

As  has  been  stated,  in  streams  the  rate  of  flow  is  determined  by 
volume  of  water  and  slope  of  stream  bed.  In  a  comparatively 
straight  stream  the  current  is  swiftest  in  the  center  at  the  top  and 
least  swift  at  the  sides  near  the  bottom;  the  center  of  the  stream 
bed  has  a  current  intermediate  between  the  two.  Thus  sluggish 
portions  of  streams  like  the  Fox  River  (Illinois)  may  be  swift 
enough  at  the  bottom  of  the  center  to  su[^rt  some  swift  stream 
animals  such  as  Bydropsyche  and  Heptageninse.  There  are  back 
eddies  about  stones  and  other  obstructions  so  that  currents  in 
streams  are  somewhat  irregular. 

In  lakes  circulation  is  determined  by  wind  and  differences  in 
temperature.  A  lake  which  is  equal  in  temperature  throughout 
has  a  complete  circulation  (Fig.  4  A).  The  wind  indicated  by  the 
arrow  (W)  tends  to  pile  the  water  up  on  one  side.    To  compensate 


the  dmiUtion  of  Lhe  nur  (^A)  in  i 
(AfttT  Birfc.) 

for  this  currents  are  started  downward  along  the  shore  and  a  cir- 
culation across  the  bottom  and  upward  on  the  other  side  is  initiated. 
Very  shallow  lakes  and  deeper  lakes  in  the  cold  months  of  the  year 
have  a  complete  circulation.  Lakes  of  unequal  temperature  are 
very  different.  For  example  a  deep  lake  has  a  uniform  tempera- 
ture for  a  time  in  the  spring  just  after  the  ice  melts,  complete  cir- 
culation takes  place  and  the  bottom  waters  are  aerated.    As  the 
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sun  warms  the  surface  waters  they  become  so  much  lighter  than 
the  deeper  colder  waters  that  the  currents  set  up  to  compensate 
for  the  piling  up  of  the  water  by  the  wind  can  no  longer  flow  to 
the  bottom  and  a  superficial  circulation  is  accordingly  set  up 
(Fig.  4  B).  A  distinct  thennocline  (T)  is  thus  established.  The 
epilimnion  (E)  is  warm  and  constantly  agrated  by  circulation  and 
the  hypolimnion  (ff)  is  stagnant.  In  the  autumn  as  the  water 
gradually  cools  the  thermocline  gradually  migrates  to  the  bottom 
and  the  earlier,  complete  circulation  (Fig.  4  A)  is  again  established. 

In  addition  to  the  general  circulation,  waves  and  their  action 
must  be  con^dered.  As  was  noted  in  connection  with  bottom,  the 
shifting  of  fine  bottom  materiab  eliminates  most  animals  from 
sandy  shores.  On  rocty  shores  in  large  lakes  are  representatives 
of  some  of  the  same  animal  species  found  in  swift  streams.  The 
alternating  current  does  not  appear  to  exclude  many  such  species. 
In  small  lates  and  ponds  the  small  wave  action  removes  decaying 
organic  matter  and  thus  renders  portions  of  the  shores  suitable 
for  animals  requiring  or  preferring  a  terrigenous  bottom.  The 
location  of  such  shores  which  are  usually  sandy  is  determined 
largely  by  the  form  of  the  lake  or  pond  and  the  direction  of  pre- 
vaiUng  winds  andinflow  of  water. 

Currents  influence  animals  directly  by  bringing  pressure  against 
parts.  Sessile  animals  respond  to  currents  by  changes  in  growth 
form.  But  few  fresh  water  sessile  animals  have  been  studied  in  this 
respect,  and  the  exact  character  of  such  responses  cannot  be  stated, 
though  sponges  and  polyzoa  are  known  to  vary  greatly.  Motile 
animals  as  a  rule  turn  with  their  heads  upstream  and  either  move 
against  the  current,  making  progress  upstream,  or  remain  in  one 
position  by  swimming  enough  to  maintain  themselves.  Fishes 
under  experimental  conditions  will  often  swim  against  a  current 
which  is  stronger  than  their  optimum  until  they  are  exhausted. 
Many  fishes  orient  themselves  by  visual  impressions  of  the  bottom 
as  they  float  downstream.  Others  appear  to  orient  by  differences 
in  pressure  on  the  two  sides  of  the  body  or  by  rubbing  against  the 
bottom  as  they  float  down.  Sight  is  probably  ineffective  during 
floods  on  account  of  sediment.  Current  is  essential  to  the  spinning 
of  the  characteristic  cocoons  and  cases  of  some  insects  living  in 
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rquds.  They  make  a  shapeless  mass  without  it.  A  few  animals 
require  very  complete  a&ration  or  they  die  very  quickly.  Suckers 
^^Mar  to  die  from  lack  of  oxygen  while  the  rainbow  darter  adds 
something  to  the  water  in  which  it  lives  which  is  not  removed  by 
artificial  aeration  and  which  kilb  the  ^h  unless  the  number  of  fishes 
is  small  or  the  water  changed  often. 

Light  penetrates  dear  water  to  great  depths.  During  the  cniiae 
of  the  Michel  Sars  the  penetration  of  sufficient  light  to  markedly 
afiect  the  most  sensitive  photographic  plates  in  80  min.  was  found 
at  a  depth  of  1000  meters  (latitude  31"  20',  June  5-6.  Sun  nearly 
over  head;  for  methods  see  Murray  and  Hjort).  No  effect  was 
obtained  at  1700  meters  with  an  exposure  of  two  hours.  Light 
sufficient  tt)  aSect  the  plates  in  2  hours  lies  somewhere  between 
1000  and  1700  meters.  There  were  many  rays  of  all  kinds  at  100 
meters  but  least  of  the  red.  Though  penetration  is  rarely  as  great 
in  fresh  water  as  in  the  sea,  light  may  possibly  penetrate  to  the 
bottom  of  Lake  Baikal  which  is  the  deepest  fresh  water  lake  known 
(1300  to  1700  meters  are  reported). 

In  temperate  latitudes  light  does  not  penetrate  so  far  vertically 
because  it  enters  the  water  obliquely.  The  depth  of  penetration 
can  easily  be  calculated  for  any  latitude  or  season  from  the  angle 
of  declination  of  the  sun,  when  the  penetration  in  similar  water  is 
known  for  other  latitudes  and  seasons. 

The  most  important  factor  limiting  the  penetration  of  light  into 
fresh  water  is  turbidity,  Forel  found  the  light  penetration  in 
Lake  Geneva  (Switzerland)  greatest  when  the  lake  contained  least 
sediment.  Table  II  gives  the  depth  of  light  penetration  in  Lake 
Geneva  in  March  when  it  is  clearest.  Forel  used  much  less  sen- 
sitive plates  than  were  used  on  the  Michel  Sars,  the  sun  was  much 
lower  in  the  horizon  and  the  locality  15  degrees  farther  north. 
Thus  Forel's  records  show  that  light  did  not  diminish  notably  in 
the  first  25  meters,  fell  off  gradually  in  the  second  25  meters  and 
then  dropped  off  rapidly  to  zero  for  his  plates  at  no  meters.  Fol 
and  Sarasin  with  more  sensitive  silver  salts  than  were  used  by  Forel 
found  that  light  reached  300  meters  in  winter.  It  is  altogether 
probable  that  the  plates  and  apparatus  of  the  Michel  Sars  would 
show  much  light  at  three  or  four  times  the  depth  given  by.  Forel. 
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TABLE  II 

Showing  Depth  op  Light  Penetration  in  Lake  Geneva  (Switzekland)  and 
Conditions  Affecting  the  Same  in  Both  Lake  Geneva  (after 
Forel}  and  Lake  Michigan 
In  the  eighth  column  the  relative  results  are  given 
of  the  effect  on  the  photographic  plate,  of  exposures  to  the  sun. 
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Little  work  on  the  depth  of  light  penetration  has  been  under- 
taken in  the  North  American  waters.  In  Table  11  the  rainfall 
and  wind  velocity  over  Lake  Michigan  are  shown  and  the  rainfall 
for  Lake  Geneva  (Switzerland).  The  greatest  light  penetration 
in  Lake  Geneva  comes  when  the  rainfall  is  low  and  when  the 
mountains  are  still  frozen.  The  Lake  Michigan  water  commission 
found  in  a  brief  period  of  study  that  the  greatest  turbidity  fell  ia 
January,  February,  March,  and  April.  The  table  indicates  that 
this  is  in  months  with  high  wind  velocity.  The  great  rainfall  of 
the  spring  and  early  summer  months  tends  to  keep  Lake  Michigan 
turbid,  so  the  greatest  light  penetration  may  be  predicted  for  Aug- 
ust which  has  least  rain  and  least  wind. 

Various  streams  are  Qormally  so  muddy  that  light  cannot  be  ex- 
pected to  penetrate  more  than  a  few  feet  and  the  fauna  accordingly 
lives  in  very  faint  light.    Others,  as  for  example  streams  and  lakes 
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in  some  of  the  western  mountains,  are  very  clear  and  one  can  see 
to  depths  of  5  to  15  meters.  Depth  at  which  objects  may  be  seen 
is  measured  by  lowering  a  white  disc  20  cm.  in  diameter  known  as 
the  disc  of  Secchi. 

When  light  penetrates  water  the  red  rays  are  most  rapidly  ab- 
sorbed, then  orange,  yellow,  etc.  In  the  Michel.  Sars  measure- 
ments there  were  scarcely  any  red  rays  at  500  meters,  one-half  the 
depth  at  which  light  w£ts  measured.  Fol  found  oS  Nice  that  when 
down  in  30  meters  of  water  he  could  see  a  stone  7-8  meters  away  and 
a  bright  object  at  a  distanre  of  25  meters.  Red  animals  looked 
black,  while  green  and  blue  green  algse  looked  quite  bright. 

In  water  there  is  no  dawn  or  twilight.  The  surface  of  the  water 
reflects  practically  all  the  light  when  the  rays  come  to  it  very 
obliquely.  Fol  found  that  in  10  meters  of  water  solar  light  dis- 
^^>eaied  quite  suddenly  long  before  sunset.  In  Funchal  Harbor 
(Maddra)  the  Prince  of  Monaco  used  Regnard's  apparatus  in  which 
a  film  is  moved  before  an  opening  by  clockwork,  and  found  that  at 
zo  meters  in  March  the  day  lasted  9  hours  whereas  at  40  meters 
the  film  showed  the  effects  of  light  for  only  about  15  minutes  at 
1  P.M. 

Light  profoundly  influences  the  nugrations  and  distribution  <^ 
animals  probably  largely  because  it  has  a  marked  effect  on  life 
processes.  Unfortunately,  however,  with  the  exception  of  ultra- 
violet hght  which  penetrates  the  atmosphere  into  low  altitudes  in 
minimal  amoimt,  very  little  is  known  of  the  actual  phy^ological 
effects  of  light  Under  exp^imental  conditions  animals  usually 
avoid  or  select  the  blue  end  of  the  spectrum.  Red  usually  acts  as 
darkness  or  very  faint  tight.  Thus  animals  hving  in  very  strong 
Bght  usually  accumidate  in  blue  or  violet  when  exposed  to  spectrum 
colors.  Animals  Uving  in  darkness  collect  in  the  red.  Animals 
Hving  in  moderate  light  usually  wander  about  throughout  the  spec- 
tnmi  but  a  majority  congregate  in  the  blue.  Probably  animals 
are  affected  through  photo-chemical  reactions  which  are  brought 
about  most  often  by  the  blue  end  of  the  spectrum.  Daphnias 
select  the  brightest  part  of  the  spectrum  which  is  the  green  or  the 
yellow  for  most  organisms,  brightness  being  determined  by  some 
specific  ^ect  of  particular  wave  lengths  upon  the  light  recipient 
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organs.  Yellow  is  brightest  to  the  human  retina.  In  addition  to 
color  animals  react  to  direction  and  to  intensity  of  light.  Prob- 
ably the  majority  of  fresh-water  animak  react  more  strongly  to 
direction  than  to  intensity.  Eydropsyche  and  Argia  do  not  react 
to  intenaty  at  all  but  react  to  direction  very  sharply.  Experi- 
mental conditions  in  which  direction  away  from  source  accompanies 
a  sharp  decrease  in  intensity  gives  sharpest  reactions  with  most 
aquatic  animals. 

Animals  react  to  inten^ty  with  reference  to  an  optimum.  The 
optimum  usually  corre^>onds  to  the  usual  light  in  their  natural 
environments.  The  organism  may  often  be  modified  by  changes 
in  the  chemical  character  of  the  water,  or  even  by  rough  handling 
(Dapknia,  Ranatra),  so  that  it  selects  a  different  optimum,  or  re- 
verses its  reaction  to  direction  of  rays. 

Many  animals  react  to  shadows  or  small  areas  of  illumination. 
Thus  frogs  will  hop  to  a  shadow  in  the  middle  of  a  sunny  field  and 
Amblystoma  will  follow  a  person  along  a  sunny  road.  This  type 
of  behavior  is  doubtiess  an  important  thing  under  water  but  has 
been  but  littie  investigated.  * 

One  of  the  topics  which  has  absorbed  much  of  the  attention  of 
linmologists  is  the  daily  depth  migrations  of  certain  Crustacea. 
They  usually  accumulate  near  the  surface  at  night  and  in  dewier 
water  during  the  day.  The  catises  of  these  migrations  are  very 
complex  and  light  is  an  important  factor.  Dice  has  recentiy  dis- 
cussed the  matter  in  full.  Light  is  probably  important  in  confin- 
ing certain  animals  in  deep  water,  in  turbid  streams,  under  stones 
and  logs  and  in  caves,  ground  water,  etc. 

The  early  invention  of  the  thermometer  has  led  to  quite  com- 
plete investigation  of  temperature  and  an  over-estimation  of  its 
importance  inthe  direct  control  of  the  distribution  of  life  in  water. 
The  tendency  of  modem  investigation  is  to  weaken  the  belief  in 
its  direct  unportance. 

Stream  temperatures  are  probably  about  the  same  at  the  various 
points  in  any  cross-section,  exc^t  the  shallow  sluggish  margin  on 
warm  summer  days.  The  extent  to  which  daily,  seasonal,  and 
weather  fluctuations  in  atmospheric  temperature  affect  a  lake  is 
determined  by  the  depth  and  size.    Small  lakes  with  incomplete 
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drculatioa  in  summer  are  cold  at  the  bottom,  being  heated  at  the 
surface  only  (Fig.  4  B).  Lake  Michigan  is  a  large  deep  lake  and 
none  of  the  seasonal  temperature  changes  extend  to  the  deepest 
parts  (Table  m).  In  summer  the  water  of  the  surface  is  warmed, 
but  if  the  vertical  circulation  is  complete  all  the  heat  in  the  waters 
flowing  downward  at  the  leeward  side  (Fig.  4  B)  must  be  absorbed 
above  no  meters  (Table  HI)  when  the  temperature  of  maximum 
denaty  is  recorded.  These  are  chiefly  bottom  records  and  do  not 
therefore  represent  the  temperatures  at  the  same  level  in  the  open 
water,  especially  in  the  shallower  situations  where  the  sun's  energy 
b  distributed  through  a  thinner  layer  of  water.^ 


TABLE  III 
Tbupbraturb  op  Lakb  Micbican  (Aftbr  Ward) 


Aug.  16 
Aug.  18 
Aug.  18 

Aug.  IS 

Aug.  16 
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Most  fresh-water  nnimak  are  polkilothermic  or  cold-blooded  and 
their  temperature  varies  with  the  surrounding  temperature.  Mam- 
mals and  birds  with  the  exception  of  the  manatee  and  rare  fresh- 
water dolphins  and  seals  are  not  truly  aquatic.  Truly  aquatic 
warm-blooded  animals  usually  have  a  thick  covering  of  fat  which 
is  a  poor  conductor  of  heat.  A  few  fishes  maintain  10°  C.  or  more 
above  the  surrounding  mediiun,  but  for  most  fresh-water  animals 
0.1°  to  5.0°  C.  are  reported.  Rogers  recently  reported  only  very 
minute  difference  for  goldfish.    This  heat  is  due  to  metabolism. 

■  Temperatuies  below  the  surface  may  be  takca  irith  a  thermometer  io  a  two-gallaii 
battle  filled  at  the  desired  level  or  better  with  a  Negretti-Zambra  revening  tber- 
nnmeter.  For  devices  making  continuous  records  of  temperature,  tbe  thermopbooe 
of  Wbqiple  or  Friez's  soO  and  water  tbennograpb  may  be  used. 


.dbyCoOgIc 


34 


FRESH-WATER  BIOLOGY 


Cold  increases  the  metabolism  of  wann-blooded  animals  and 
decreases  that  of  cold-blooded  animals.  In  the  cold-blooded 
animals  a  rise  of  io°  C.  within  limits  reasonably  compatible  with 
life  increases  the  rate  of  metabolism,  or  rate  of  development  of 
young,  by  two  or  three  times.  This  is  taken  as  evidence  that 
life  is  a  chemical  process  because  similar  changes  in  temperature 
have  corresponding  changes  in  rate  of  chemical  reaction. 

Thus  animals  aquatic  in  their  developmental  stages  and  which 
happen  to  be  in  very  shallow  temporary  water  are  automatically 
accelerated  in  devel(^meat  as  the  sun  warms  the  water,  evaporates 
it  and  decreases  its  voliune  at  the  same  time  increasing  its  tempera- 
ture. 

Animals  react  to  temperature  with  considerable  precision.  Both 
marine  and  fresh-water  animals  can  recognize  differences  of  0.3°  C. 
and  will  turn  hack  when  such  slight  differences  are  encountered 
under  experimental  conditions. 

Pressure  in  water  increases  with  depth.  The  results  given  by 
Forel  are  shown  in  Table  IV. 

TABLE  IV 
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There  is  a  Uttle  less  than  one  atmosphere  increase  in  pressure 
for  each  10  meters  of  depth.  According  to  this,  animals  in  the 
deepest  parts  of  a  lake  like  Lake  Michigan  are  living  under  a 
pressure  of  about  375  pounds  to  the  square  inch. 

The  effect  of  pressure  on  organisms  was  studied  by  Regnard. 
Contrary  to  the  popular  idea  he  found  that  gelatine,  agar,  and 
various  plants  and  animals  and  excised  parts  of  animals  take  up 
water,  swell  and  increase  in  weight  under  high  pressure.  This  is 
true  even  of  terrestrial  insects.  At  400  to  600  atmospheres  Para- 
meda  become  swollen  and  immobile,  including  the  dlia.  They 
recover  from  ten  minutes'  exposure.  Carp  become  listless  at  200 
atmospheres,  die  at  300  and  become  swollen  and  rigid  at  400 
atmospheres.    Salmon  ova  are  destroyed  at  400  atmospheres  but 
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chlorophyll  bodies  of  green  algae  continue  to  work  at  600  atmos- 
pheres and  cress  seeds  have  germinated  after  an  exposure  to  1000 
atmospheres. 

Table  V. shows  the  conditions  and  distribution  of  life  in  Lake 
Michigan.  The  greatest  pressure  is  37  atmospheres  which  on 
the  basis  of  the  work  of  Regnard  would  seem  trivial.  Animals 
may  react  to  pressure  differences  but  this  is  not  known  as  no  pres- 
sure gradient  can  be  established  without  involving  gravity  also. 
Pressure  would  appear  to  play  a  relatively  insignificant  rflle. 
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37  atmospheres 

174 

900 

No  plants  recorded 

With  a  rise  of  temperature  both  the  density  and  viscosity  of 
water  decrease.  This  tends  to  cause  such  organisms  as  behave 
like  small  inanimate  particles  to  sink.  Ostwald  suggested  that 
these  difiereoces  are  responsible  for  the  depth  migrations  of 
plankton  organisms.    He  considered  that  a  decrease  in  viscosity 
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causes  them  to  sink.  The  diffusion  currents  bring  them  up  again 
Qohnstone).  This  is  no  doubt  a  matter  deserving  investigation. 
Turbidity  is  important  largely  through  its  relation  to  Ught.  Most 
aquatic  animals  will  tolerate  much  sediment,  at  least  under 
experimental  conditions. 

Chemical  factors  are  not  directly  or  clearly  separable  from 
factors  that  may  be  regarded  as  phydcal  or  biological.  Under 
this  heading  are  considered  dissolved  gases,  inorganic  salts, 
addity,  alkalinity,  and  neutrality. 

In  order  to  support  animals  and  plants  continuously  water  must 
contain  certain  minerals  and  gases  in  solution.  Salts  (carbonates, 
sulphates,  and  chlorides)  of  magnesium,  caldiun,  potassium,  and 
sodium,  and  salts  of  iron  and  silicon  are  practically  always  in  solu- 
tion in  water  and  their  presence  in  definite  proportions  is  believed  to 
be  essential  to  the  life  of  organisms.  Pure  distilled  water  has  been 
shown  to  be  harmless  to  certain  animals  for  comparatively  short 
periods  but  it  is  doubtful  if  it  will  sustain  life  indefinitely.  Dis- 
solved gases  in  definite  proportions  are  essential. 

The  occurrence  of  gases  and  their  solubility  under  experimental 
conditions  are  shown  in  Table  VI.  A  standard  method  of  express- 
ing quantity  of  gas  in  solution  is  in  cubic  centimeters  per  liter  at 
o"  C.  and  760  mm.  of  mercury.  Values  are  commonly  given  in 
these  terms. 

Nitrogen  is  the  most  inert  and  least  important  of  the  dissolved 
gases.  It  rarely  has  any  direct  effect  on  animals  and  plants  and 
this  apparently  only  when  present  in  considerable  excess  of  satu- 
ration. Under  such  conditions  it  accumulates  in  the  blood  vessels 
and  tissues  of  fishes,  crayfiishes,  insects,  etc.  In  the  organs  of 
drculation  it  may  thus  stop  the  blood  flow  and  the  animals  die  of 
asphyxia.  Birge  and  Juday  state  that  in  lakes  in  the  region  of 
the  thermocline  and  below  an  excess  of  12  to  38  per  cent  of  satura- 
tion occurs,  but  under  the  conditions  of  pressure  there  this  would 
'  have  no  effect.  It  is  probable  that  in  nature  this  condition  of 
excess  is  not  commonly  great  enough  and  does  not  often  occur  for 
a  time  long  enough  to  cause  any  fatal  results.  Several  hours  or 
days,  depending  upon  the  excess,  are  required.  Excess  oitrogoi  is 
a  great  source  of  difficulty  in  aquaria. 
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TABLE  VI 

Showing  thb  Solubility  and  DisTUBimoK  of  Atuospbsric  Gases 


Compoii- 

GuvBlusincu 

KS°^ 

Oh 

At.  temp.  ao°  C. 

Muimum 

Kindofwataluvmiiu 
content  livra  in  pncilSi 

Water 
abmbi 
(roni»ir 

Water 
pungu 

s 

Nitrogen,      argon, 
etc 

Oiyp!o 

Carbon  dioxide .... 

7g.oj 
M.9S 

Smafl 
traces 
locally 

IS.3S 
6.28 

0.37 

901.00 

Very 

'u^i 

ties 

34-00 

1900.00 

19.00 

30.00 
14.00 

10.00 
0  ss 

Lakes 
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green  algc 

Ponds 
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The  oxygen  content  of  water  varies  from  o  cc.  per  liter  to  25  cc. 
in  the  presence  of  green  alga*  on  sunny  days.  The  bottoms  of  lakes 
and  ponds  where  much  putresdble  matter  occurs  are  usually 
without  oxygen.  The  hypolimuion  of  lakes  with  a  thermocline 
is  in  part  without  oxygen  in  summer.  Probably  free  oxygen  is 
usually  necessary  to  most  organisms  except  anaerobic  bacteria. 
Most  animals  that  have  been  studied  in  behavior  experiments 
select  water  with  some  oxygen.  While  some  spedes  of  £shes  such 
as  suckersj  small  mouthed  black  bass,  and  some  cyprinids  appear 
to  be  affected  by  a  considerable  decrease  from  saturation  at 
ordinary  temperatures,  this  appears  to  be  the  exception  rather 
than  the  rule.  Increase  to  25  cc.  per  liter  under  experimental 
conditions  does  not  appear  to  Iiave  any  marked  effect  upon  fishes 
so  far  as  life  and  death  are  concerned.  AUee  working  on  isopods 
found  that  an  increase  in  oxygen  increases  size,  vigor,  and  amount 
of  posirive  response  to  current  as  well  as  efficiency  of  response  to 
current.  His  results  have  been  confirmol  by  several  students 
who  have  repeated  the  experiments  using  different  forms. 

Juday  has  shown  that  a  long  list  of  common  protozoa,  worms, 
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insects,  etc.,  can  live  for  a  long  time  without  free  oxygen,  and  in 
fact  occur  in  the  putrescible  orgamc  muds  of  the  bottoms  of  lakes 
and  ponds  and  the  hypolimnion  of  thermocline  lakes  in  summer. 
They  evidently  obtain  oxygen  from  some  chemical  compounds. 
Carbohydrates  are  present  in  the  sea  in  solution  in  minute 
quantity  and  there  is  every  reason  to  beUeve  them  present  in  fresh 
water.  Packard  found  that  marine  Fundulus  embryos  live  in  lack 
of  oxygen  from  73  to  141  per  cent  longer  in  the  presence  of  glucose, 
maltose,  levulose,  and  cane  sugar,  the  amount  of  increase  in  resist- 
ance differing  with  the  different  sugars.  Lactose  has  no  such  effect, 
probably  because  it  cannot  be  absorbed  or  digested. 

According  to  Mathews'  depolarization  theory  oxygen  is  obtained 
from  the  water  in  a  manner  analogous  to  the  oxidation  of  alcohol 
to  acetic  add.    In  the  presence  of  O)  the  reaction  is  as  follows: 
CJIiOH  +  6i  =  CHjCOOH  +  H,0. 

In  the  absence  of  oxygen  and  the  presence  of  levidose 
CiHiOH  +  H2O  =  CHaCOOH  +  2  Hj 
2  Hi  +  2  CsHuOg  =  2  CeHuOg. 

The  levulose  unites  with  the  hydrogen  and  thus  permits  the 
protoplasm  to  use  the  oxygen.  The  protoplasm  is  thus  a  strong 
reducing  agent. 

High  respiratory  quotients  of  various  animab  are  further  evi- 
dence  of    anaerobic   respiration.      The   respiratory   quotient    is 

- — .'  ^  .  ,  .  -  .  In  aerobic  animals  this  value  is  less  than  i 
Vol.  Oi  absorbed 

because  oxides  other  than  CO)  are  given  off  and  COi  does  not  rep- 
resent all  the  oxygen  used.  Thus  when  the  quotient  is  more  than 
I  it  indicates  that  oxygen  is  obtained  from  some  source  other  than 
free  oxygen.  The  respiratory  quotient  of  the  medical  leech  is 
usually  near  or  a  little  more  than  1  while  that  of  a  sea  cucumber 
{Cucumaria)  and  a  sea  sponge  (Saberiles)  is  over  2.5  (Piitter).  A 
large  number  of  aquatic  animals  are  probably  able  to  secure  oxygen 
from  compounds  containmg  it  and  they  are  therefore  facultative 
anaerobes  to  a  considerable  degree. 

Distribution  of  organisms  in  water  is  not  clearly  correlated  with 
oxygen  content.    The  minimum  for  most  animals  is  comparatively 
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low  as,  for  example,  in  fshes  insufficient  oxygen  acts  on  the  respira- 
tory center  through  the  development  of  organic  add  in  the  blood 
due  to  incomplete  oxidation,  and  causes  the  respiratory  movements 
to  be  inoeased.  There  is  some  evidence  that  respiratory  activity  is 
increased  through  direct  reflex  action  through  the  gills  and  opercles. 
This  increased  respiratory  activity  supplies  plenty  of  oxygen. 

Ammonia  occurs  in  minimal  quantities  in  natural  waters  but 
may  be  present  in  some  quantity  in  sewage  or  gas  works  wastes. 
Ammonia  like  the  other  gases  (CO,  SOi,  and  CjHi)  introduced  into 
streams  by  gas  works  is  not  only  extremely  poisonous,  but  fishes 
do  not  turn  back  from  it  when  they  encounter  it  and  are  often 
overcome  without  giving  the  avoiding  reactions  which  protect  fishes 
from  excesses  of  other  substances  normal  to  fish  environments. 

Methane  is  a  saturated  hydrocarbon  and  has  minor  effects  upon 
organisms  though  it  may  be  present  in  the  hypolimnion  of  lakes  in 
considerable  quantity.    Traces  of  carbon  monoxide  occur  also. 

Hydrogen  sulphide  is  usually  present  in  very  small  quantities  in 
the  bottoms  of  lakes  and  sewage  contaminated  streams.  It  is 
very  abundant  in  salt  lakes  and  arms  of  the  sea.  It  results  from 
putrefactions  and  from  the  reduction  of  sulphates  through  the 
action  of  the  bacteria  which  prey  upon  organic  sulphur  (Lederer). 
Though  very  poisonous  it  is  not  ordinarily  present  in  sufficient 
quantity  to  injure  fishes  (Shelford  and  Powers)  though  its  absorp- 
tion of  oxygen  ^  reduces  the  amount  of  this  gas  very  materially. 

Carbon  dioxide  is  the  most  important  gas  in  fresh  water.  In 
small  quantities  it  is  .essential  rather  than  detrimental  to  aquatic 

I  Sanqiles  of  water  mthout  oxygen  must  be  handled  with  utmost  caution  as  an  1^ 
predaUe  amount  of  oxygen  will  be  absorbed  through  the  surface  exposed  by  the  aax- 
low  neck  of  a  150  cc.  bottle  in  a  fen  seconds.  Biologists  are  very  likely  to  attempt 
great  act:uracy  in  putting  up  solutions  and  to  exercise  insufficient  care  in  taking  and  ti- 
trating samples.  For  ordinary  work,  in  "i^^'ng  up  solutions  it  is  sufficient  to  weigh  to 
one  decimal  place;  chemicals  must  be  carefully  selected;  especially,  KI.  The  nonnal 
salutions  used  n-ill  not  be  correct  if  made  by  an  unskilled  person;  a  a>iTectiiig  factor 
must  be  used  which  may  as  well  be  0.S76  as  o.^Sg.  Skill  in  titrating  and  standardis- 
ing with  solutions  made  by  a  chemist  should  be  acquired.  For  methods  see  Biige  and 
Juday,  and  Sutton.  Routine  sanitary  analyses  include  several  items  of  unknown  or 
doubtful  value  to  living  organisms  and  do  not  include  some  of  the  most  important 
detenninations  such  as  acidity,  alkalinity,  hydrogen  sulphide,  and  carbonaceous 
materials  that  nught  be  absorbed  as  food.  Determinations  are  often  not  made  at 
once,  and  samples  are  commonly  not  collected  from  important  aaimal  habitats  within 
the  body  of  water. 
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animals.  In  large  quantities  it  is  rapidly  fatal  acting  as  a  narcotic' 
It  is  particularly  injurious  in  the  absence  of  oxygen  which  absence 
is  usually  associated  with  it.  Abundant  oxygen  decreases  its 
toxicity  because  blood  has  greater  affinity  for  oxygen  than  for 
carbon  dioxide  and  the  latter  is  crowded  out  of  combination.  On 
account  of  the  fact  that  it  is  usually  accompanied  by  lack  of 
oxygen,  putrcsdble  muck  bottom,  etc.,  its  presence  in  quantities 
greater  than  6  to  7  cc.  per  hter  if  accompanied  by  a  bottom  en- 
tirely of  such  muck  would  indicate  that  the  water  was  unsuitable 
for  trout,  basses,  sunfishes,  and  crappies. 

One  of  the  most  important  characteristics  of  a  water  is  its 
acidity  ot  alkalinity.  Protoplasm  must  maintain  essential  neu< 
trality  or  it  will  die.  It  possesses  a  very  effective  phy^co-chemical 
mechanism  based  upon  the  presence  in  excess  of  very  weak  adds 
(carbonic  and  phosphoric)  and  alkalies  in  the  form  of  carbonates 
and  phosphates.  Since  protoplasm  must  remain  nearly  neutral 
the  acidity  or  alkalinity  of  the  surrounding  medium  cannot  be 
great.  Thus  Wells  found  that  fishes  do  not  live  well  in  alkaline 
water  but  become  sluggish  and  inactive.  Neutrality  Is  likewise 
toxic  to  some  fresh-water  fishes.  They  require  a  certain  amount  of 
add.  The  optimum  acidity  for  the  different  species  differs.  The 
optimum  for  the  bluegill  (Lepomis  paUidus  Mit.)  is  i  to  3  cc.  of 
carbon  dioxide  per  liter  and  for  crappies  {Pomoxis  annularis  Raf.) 
4  to  6  cc.  per  liter.  Wells  showed  by  using  various  other  adds 
that  the  hydrogen  ions  are  the  important  factor.  In  other  words 
fishes  require  a  certain  concentration  of  hydrogen  ton.  Neutrality 
is  avoided  by  fishes.  In  the  absence  of  addity  they  select  alka- 
line in  preference  to  neutral  water.  Fishes  and  various  crusta- 
ceans will  live  in  distilled  water  if  it  is  sUghtiy  add,  while  it  is 
rapidly  fatal  if  neutral  and  more  rapidly  fatal  if  alkaline.  The 
toxidty  of  much  ordinary  distilled  water  is  due  to  colloidal  copper 
or  other  metal  from  coolers,  in  suspension  in  it. 

Wells  made  a  rearrangement  of  some  of  the  data  of  Birge  and 
Juday  which  showed  that  various  phuikton  organisms  are  distrib- 
uted with  reference  to  alkalinity,  neutraUty,  and  aridity,'  a  few 

■  In  the  deteiminatioD  of  alkalinity  and  acidity  great  care  should  be  exercised  in 

the  making  of  collectiona  so  as  to  prevent  the  escape  of  COi.    The  choice  oi  indi- 
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species  showing  a  distinct  avoidance  of  neutrality.  In  a  number 
of  ^wcies  the  number  of  individuals  on  either  side  of  neutrality 
was  greater  than  at  the  neutral  r^on  (Table  VII). 

TABLE  VII 

Showing  Corbelatioh  beiwbbn  Distribution  and  Alkalinitv  akd  Aciditv 

TO  Phenolphthalein  (aptbk  Wbixs) 

(Figures  show  numbera  of  individuals  in  a  cubic  meter  of  water) 


Alta^tty  in  ec  per  liter 
of  CO)  to  make  neutrsl 

Ntu- 
tnlity 

Acidity  in  cc.  ot  CO, 
pet  liter 

3-1 

I,S-I 

d-aii 

0 

o.aS-0^ 

0.7S-I 

.-« 

Pleosoma R,,- 

Diaptomus Co  . - 

Anuraca P. . . 

SJ&.v;.::::;::"e::: 

Daphnia C... 

Ceratium P... 

Polyarthra R... 

Triarthra R... 

3.935 

":iS 

7.850 
4,000 

I3.77S 
62s 
1,260 
S».330 
",3S° 

400 

1.350 

7,610 

68s 

650 

■IS 

n.  c.  . 

17.35° 

aoo 

7.610 

65 

400 

85,160 

3,35° 

tfx, 

30 

as 

130 

1,01s 

160 

1,440 

i 

1.145 
11.760 
1,190 
1,050 

390 
10 

S.7SO 
1.140 

30 

s 

1,670 

40 

».43S 

R  ••  RMifer,  C  -  Chdoceran.  P  ~  ProtOKBii,  Co  -  Copepod,  a.  c.  -  no  coUectioa. 

The  amount  of  salt  in  parts  per  million  which  ranges  from  50- 
500  in  water  occupied  by  numerous  fresh-water  spades  is  of  com- 
paratively little  significance  to  animals  but  of  much  importance  to 
plants.  The  effect  of  most  salts  upon  organisms  is  due  to  the 
character  of  the  ions,  valence,  electrical  charges,  etc.  The  effect 
of  any  combination  of  salts  is  due  to  their  combined  action.  For 
example,  marine  animals  will  not  live  in  NaCl  alone  even  when 
the  osmotic  pressure  is  the  same  as  in  sea  water;  it  is  very  toxic. 
Tbey  will  not  live  in  NaCl  and  KCI  or  NaCl  and  CaCli;  all  three 

caton  is  also  very  important.  Methyl  orange  is  unaffected  by  CO)  aod  other  organic 
adds  because  of  their  small  ionization.  Thus  Marsh's  condu^on,  based  upon  methyl 
Mange,  that  if  water  becomes  add  it  kills  fishes  is  incorrect  for  thi>  reason  and  because 
— J igyellotrat--.     -.^i^.  PheiKHphthalemuoolor- 


it  tuns  red  at 


OH-i 


¥n" 


OH- 


H+ 
''0H= 


OH-io-^N' 
^„ .    Rosalie  add  b  rose  at 


irtiich  is  tme  neutnUty.  In  the  table  above  true  neutrality  probably  falls  in  the  first 
ariumn  to  the  right  of  the  center.  COi  production  may  be  suffident  to  neutralize 
tins  sHght  alludinity  in  the  layer  of  water  next  to  the  animal.  The  tenns  alkalinity 
■nd  addity  ate  used  in  this  chapter  in  the  sense  of  concentration  of  H+ and  OH- ions. 
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axe  necessary.  This  is  believed  to  be  due  to  the  neutralizatioii  of 
the  toxicity  of  the  NaCl  by  the  other  salts;  this  is  luiown  as  antag- 
onism. The  effects  are  due  to  the  cations,  one  anion  being  suffi- 
cient though  some  are  more  favorable  than  others. 

Salts  present  in  excess,  or  without  the  proper  antagonistic  salts 
or  ions,  and  salts  not  commonly  present  in  quantity  in  fresh  water 
are  toxic  to  fresh-water  animals.  The  toxicity  varies  for  different 
salts  and  according  to  the  concentration  of  hydrogen  or  hydroxyl 
ions  which  accompany  it.  Ammonia  salts  are  poisonous  to  fishes 
if  present  in  company  with  carbonates.  Carbonates  are  not  essen- 
tial to  the  life  of  ffshes  as  sulphates  may  be  substituted  entirely, 
at  least  for  short  periods.  Carbonates  alone  are  fatal  to  fishes 
because  of  their  alkalinity.  In  the  presence  of  COi,  however, 
carbonates  are  converted  into  bicarbonates  which  are  normally 
present  in  all  natural  fish  waters.  Bicarbonates  accompanied  by 
a  small  excess  of  CO:  are  not  harmful.  Of  the  salts  of  potassium, 
the  sulphate  is  most  poisonous ;  sodium  salts  are  less  injurious  than 
those  of  potassium.  The  presence  of  an  excess  of  caldiun  causes 
the  tail  fins  of  the  rock  bass  to  degenerate  and  this  fact  was  prob- 
ably responsible  for  the  tailless  trout  found  in  certain  waters  of 
the  British  Isles  where  the  water  was  contaminated  with  waste 
from  paper  mills.  There  is  much  evidence  that  calcium  tends 
to  lower  the  metabolic  activity  of  organisms. 

As  shown  by  Wells  fishes  react  to  salts  in  solution.  They  are 
usually  negative  to  nitrates,  more  or  less  positive  to  chlorides 
(markedly  so  to  NaCl)  but  are  decidedly  negative  to  CaC!i  and 
MgCb-  They  are  positive  to  ammonium  chloride  and  are  usually 
very  negative  to  sulphates.  The  reaction  of  the  fishes  to  the  salts 
was  shown  to  have  a  distinct  relation  to  the  acidity  of  the  water,  as 
fishes  that  were  decidedly  negative  to  Na^SO*  for  instance  in  slightly 
add  water  were  made  positive  to  this  salt  by  running  the  experiment 
in  strongly  add  water  (».e.,  20  cc.  COj  per  liter).  A  part  of  the 
effect  of  ions  lies  in  thdr  effect  on  permeabiUty.  Alkalies  increase 
permeability  of  protoplasm.  Adds  first  decrease  and  later  increase  it. 

In  animals  and  plants  there  are  various  rhythms  of  activity  con- 
stituting parts  of  their  physiological  life  histories  or  recurring 
functions  lying  within  them.    These  often  coindde  with  rhythms 
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of  conditions.  The  principal  environmental  rhythms  are  daUy, 
seasonal,  weather,  and  lunar,  and,  in  the  sea,  tidal. 

Rhythms  of  fresh-water  organisms  have  been  but  Uttle  studied. 
From  the  seasonal  standpoint  it  has  been  observed  that  some  organ- 
isms tend  to  do  certain  things  even  though  the  external  conditions 
which  usually  accompany  them  are  delayed,  thus  showing  that  the 
environmental  rhythms  have  been  impressed  upon  the  organism. 
The  best  examples  of  this  have  to  do  with  the  tide  and  thus  do  not 
belong  to  fresh  water.  Bohn  found  that  there  are  rhythms  of 
activity  related  to  tide.  The  green  flatworm  (Conooluia  roscoffensis) 
comes  to  the  surface  of  the  sand  at  low  tide  and  descends  as  the 
tide  comes  in.  The  worm  continues  to  ascend  and  descend  at 
tide  time  for  several  days  after  having  been  removed  fr(Hn  the  sea 
and  kept  in  an  aquarium. 

One  of  the  best  known  rhythmic  movements  in  fresh  water  is 
the  daily  depth  migration  of  Crustacea.  Whether  they  show  any 
tendency  to  make  such  movements  when  placed  under  uniform 
conditions  is  not  known.  Lunar  rhythms  likewise  appear  to  have 
been  little  investigated  among  fresh-water  organisms  though  Kofoid 
noted  rhythmic  monthly  increases  of  Illinois  River  plankton.  The 
best  examples  of  these  are  foimd  among  the  marine  worms.  The 
Atlantic  palolo  swarms  within  three  days  of  the  last  day  of  the  last 
quarter  of  the  June  39  to  July  28  moon  (Mayer),  the  swarming 
taking  place  under  the  influence  of  the  light  of  the  moon. 

Various  single  factors  have  been  regarded  as  of  prime  importance 
in  the  control  of  organisms.  Thus  many  writers  emphasize  food, 
others  temperature,  etc.  ■  Merriam  has  maintained  for  years  that 
the  total  of  temperature  above  an  arbitrary  minimum  during  the 
growing  season  controls  the  distribution  of  life  in  North  America. 
Sanderson  has  shown  that  for  some  insects  and  some  horticultural 
plants  winter  temperatures  are  more  important,  just  as  may  be 
the  case  with  organisms  like  fresh-water  sponges  and  bryozoans 
having  winter  bodies,  and  aquatic  plants  with  seeds  and  spores. 
Marine  workers  emphasize  salinity  and  density.  Birge  and  Juday 
emphasize  oxygen.  All  these  ideas  have  unportant  bearings  on 
questions  of  aquatic  biology  but  no  one  of  them  is  adequate. 

Dormancy  sometimes  makes  otherwise  msignificant  conditions 
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important  It  is  a  conunoa  characteristic  of  the  eggs  ol  rotifiers, 
of  Crustacea,  insects,  and  other  arthropods,  and  also  of  the  spons 
and  seeds  of  plants.  Many  crustaceans  deposit  eggs  is  the  autumn 
which  require  freezing  before  they  will  hatch.  Some,  as  for  exam- 
ple those  of  the  fairy  shrimp  (Eubranckipus),  require  both  siunmer 
drying  and  winter  freezing.  The  statoblasts  of  the  fresh-water 
Bryozoa  germinate  better  after  freezing  or  drying.  Thus  some 
simple  condition  such  as  the  rupture  of  the  egg  shell  or  covering 
may  be  a  requirement  for  growth  as  it  is  in  some  seeds. 

Any  scheme  that  fails  to  consider  the  complete  physiolc^cal 
life  history  in  relation  to  complete  annual  cycles  is  inadequate. 
Still,  because  of  the  complexity  of  the  problems  involved  simple 
uidices  must  be  sought  which  will  indicate  the  condition  of  waters 
with  reference  to  as  many  important  factors  as  possible.  These 
indices  must  be  selected  mth  two  facts  in  mind:  First,  that  there 
is  in  each  annual  cycle  of  the  Ufe  of  an  individual  or  a  species  a 
period  of  maximum  sensitiveness;  this  falls  at'  or  near  the  breeding 
period  or  at  the  time  of  appearance  of  young.  Second,  adequate 
measure  of  hydrographic  conditions  are  to  be  found  in  the  peculiar 
character  of  the  annual  rhythm  rather  than  in  the  totals  of  this 
or  that  factor  for  the  year  or  a  particular  period. 

Many  organisms,  eq>ecially  food  fishes,  deposit  their  eggs  on  the 
bottom.  It  is  to  the  bott(»n  that  the  dead  bodies  of  organisms 
sink  and  at  the  botttun  that  they  decompose  and  produce  pfH- 
sonous  substances  in  greatest  quantity.  Decomposition  of  the 
bodies  of  plants  and  animals  results  finally  in  gases  such  as 
ammonia,  carbon  dioxide,  hydrogen  sulphide,  methane,  etc. 
The  presence  or  absence  of  fishes  and  thdr  animal  food  is  con- 
trolled by  (a)  their  ability  to  recognize  the  presence  of  strange 
or  detrimental  substances  and  to  turn  back,  when  such  are  en- 
countered, and  (b)  by  their  survival  or  death  in  situations  where 
they  cannot  escape  the  deleterious  conditions.  Their  ability  to 
recognize  a>nunon  injurious  substances  has  been  shown  to  be 
very  marked  and  precise.  The  difference  between  different 
species  is  one  of  d^ee  and  special  habits.  The  effects  of  the 
various  decomposition  products  are  the  same  in  a  wide  range  of 
species  with  only  slight  differences  in  degree.    The  less  sensitive 
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fishes  are  usually  of  less  food  value.  Food  fishes  usually  live  asso- 
ciated with  organisms  which,  like  themselves,  are  very  sensitive 
to  decomposition  products,  and  usually  disa[^>eat  with  the 
fishes. 

Indices  are  of  three  types,  (i)  results  of  the  inspection  of  the 
bottom,  (2)  results  of  chemical  tests  of  the  water  for  decomposi- 
tioiL  products,  and  (3)  for  fishes  the  presence  or  absence  of  index 
organisms  of  a  semi-stationary  character,  such  as  snails,  etc., 
see  p.  52.    Here  the  first  two  types  only  will  be  considered. 

If  a  body  of  water  is  to  support  desirable  game  fishes  it  should 
have  an  area  of  terrigenous  bottom  covered  with  from  6  inches  to 
2  feet  of  water  for  breeding  grounds  and  an  area  of  submerged 
(Chara,  etc.)  and  of  emerging  vegetation  to  supply  food.  It  is 
probable  that  for  the  best  results  these  three  should  be  about 
equal.  The  terrigenous  bottom  should  be  comparatively  free  from 
putresdble  material.  Hiunus  which  does  not  contain  putrescible 
material  or  even  the  roots  of  plants  may  be  used  by  a  few  game 
fi^es  for  breeding.  The  amount  of  terrigenous  (non-putresdble) 
bottom  up  to  one  third  that  occupied  by  vegetation  and  muck  is  a 
rough  index  of  the  suitability  of  an  ordinary  pond  or  lake  (see 
T^.  7,  p.  58)  for  game  fishes  and  associated  organisms.  In  river 
bottom  lakes  and  bayous  floods  may  remove  putrescible  material 
and  leave  bottoms  composed  chiefly  of  ^t  upon  which  luxuriant 
vegetation  springs  up.  Forbes  has  shown  that  productivity  of 
carp,  and  fishes  generally,  bears  some  direct  relation  to  the  area 
fairly  weU  supplied  with  submerged  vegetation.  The  second  index 
must  be  applied  to  such  waters. 

The  second  index  is  essential  but  must  accord  with  the  first. 
The  cheoiical  character  of  the  water  must  be  such  that  the  fishes 
will  not  suffer  from  it  or  leave  on  account  of  it.  Carbon  dioxide 
results  from  the  decomposition  of  organic  matter.  In  the  process 
oxygen  is  consumed  so  that  the  presence  of  any  large  quantity  of 
carbon  dioxide  nearly  always  indicates  lack  of  oxygen.  While 
exact  figures  caimot  be  given  it  is  probable  that  the  carbon  dioxide 
content  of  water  over  breeding  grounds  (terrigenous  bottom)  should 
not  average  more  than  three  cubic  centimeters  per  liter,  nor  ex- 
ceed six  cubic  centimeters  during  the  summer  months.    Such 
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amounts  are  not  usually  accompanied  by  lack  of  oxygen.  Thus 
Ike  amount  of  carbon  dioxide  may  he  taken  as  an  index  of  the 
suitability  of  the  water.  Excessive  aridity  due  to  carbon  dioxide 
probably  favors  the  germination  of  the  Saprolegnias  fungi  which 
are  very  destructive  of  fish  eggs  and  fishes. 

Food  and  Biological  Conditions 
Nitrates  are  necessary  for  the  growth  of  aquatic  plants  and  an 
insuffident  quantity  is  secured  from  mineral  soil.  Nitrogen  can 
be  fixed  only  by  nitrogen  fixing  bacteria,  such  as  Clostridium,  an 
anaerobe,  and  Azotobacler,  an  aerobe.  These  bacteria  occur  on 
plants  and  animals  in  the  mud  of  the  bottom  of  bodies  of  water. 
Plants  and  animals  provide  carbon  compounds  for  the  bacteria; 
bacteria  provide  mtrates  or  nitrites. 

Ammonia  results  from  the  decomposition  of  the  dead  bodies  of 
plants  and  animab.  The  bacteria  (Nitrosomonas,  Nitrobacter,  Ni- 
trococcus)  oxidize  it  to  nitrous  acid;  mtrous  add,  to  nitric  add. 
These  adds  unite  with  bases  to  form  nitrates  and  nitrites.  Work- 
ing against  these  two  sources  of  nitrate  and  nitrite  are  various 
denitrifying  bacteria  (e.g.,  Bacterium  actinopelte),  which  reduce 
nitrogen  compounds  to  free  nitrogen.  Their  work  is  greatly  influ- 
enced by  temperature.  Baur  placed  nitrate  inoculated  with  Bacte- 
rium actinopelte  at  several  temperatures  with  results  as  follows: 

a.  Temperature,  25°  C. :  Denitrification  initiated  24  hours  after 
inoculation;  in  7  to  11  days  later  without  nitrate. 

b.  Temperature,  15°  C:  Denitrification  initiated  4  days  after 
inoculation;  in  27  days  the  solution  was  without  nitrate. 

c.  Temperature,  4  to  5°  C:  Denitrification  began  20  days  after 
inoculation;  denitrification  incomplete  112  days  after. 

d.  Temperature,  0°  C, :  Denitrification  not  initiated. 

The  quantity  of  life  in  water  is  believed  to  be  in  proportion  to 
the  available  nitrogen  compounds.  The  greatest  quantity  of  plank- 
ton in  the  sea  is  in  the  polar  regions  in  the  summer.  It  has  been 
suggested  that  the  greater  retarding  effect  of  low  temperature  on 
the  denitrifying  organisms  as  compared  with  the  nitrate  producers 
is  a  cause  of  the  greater  quantity  of  life  in  the  colder  waters.  Loeb 
holds  the  theory  that  the  greater  quantity  is  due  to  the  longer  life 
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of  the  organism  in  cold  water.  Dissolved  nitrogen  is  important 
for  the  work,  of  nitrt^en  fixing  bacteria.  Oxygen  is  necessary  for 
the  production  of  COt.  Carbon  dioxide  is  necessary  for  the  starch 
building  of  chlorophyll-containing  plants  and  animals.  These  green 
organisms  form  the  chief  food  basis  of  all  other  organisms.  Pro- 
tdds  or  other  complex  foodstuffs  are  necessary  for  all  animals.  It  is 
only  animab  which  ccmtatn  chlorophyll  in  the  form  of  algae  living 
symbiotically  in  their  bodies,  that  can  survive  without  taking  in 
complex  foodstuffs.  Proteids  are  made  only  when  starch,  nitrates, 
and  several  other  inorganic  foods  are  present.  Because  of  their 
proteid  and  starch  demands  light  is  indirectly  necessary  to  animals 
which  can  live  in  darkness. 

According  to  Putter  and  Raben,  who  confirmed  his  determina- 
tions using  better  methods,  sea  water,  and  probably  fresh  water  as 
well,  contains  amino-adds,  oils,  and  carbohydrates.  Flitter  has 
shown  that  many  aquatic  animals  absorb  nutrition  from  soluticm 
which  renders  them  (mly  in  part  dependent  upon  plankton. 

Plants  £ire  conunonly  covered  with  a  coating  of  small  organisms, 
so  that  animals  such  as  snails  may  rasp  the  surface  and  secure  food 
without  eating  the  plant  tissues  themselves.  One  could  probably 
remove  all  the  larger  plants  and  substitute  glass  structures  of  the 
same  form  and  surface  texture  without  greatly  affecting  the  immedi- 
ate food  relations.  Aquatic  plants  are  of  particular  use  to  animals 
as  dinging,  hiding,  and  nesting-places. 

The  quantity  of  plankton  has  been  much  studied.  Quantity 
is  usually  expressed  as  number  of  organisms  per  liter  or  cubic 
meter  of  water,  determined  by  counting  a  part  of  a  collection;  or 
in  cubic  centimeters  per  cubic  meter  of  water.  Ward  found  an 
average  of  11.5  cc.  per  cubic  meter  in  water  from  the  surface  3  m.; 
from  3  to  25  m.,  3.9  cc;  35  m.  to  bottom,  0.4  to  1.5  cc.,  in  Lake 
Michigan  (August).  Pine  Lake,  a  small  lake  adjoining,  contained 
relatively  less  plankton  than  Lake  Michigan,  the  surface  stratum 
containing  more  and  the  deeper  strata  much  less.  Lake  Michigan 
a>ntain5  twice  as  much  plankton  as  Lake  St.  Clair.  A  small 
European  lake  (Dobersdorfer  See)  contams  about  ten  times  as 
much  plankton  as  Lake  Michigan.  Kofoid  found  the  average  for 
the  year  to  be  2.71  cc.  per  cubic  meter  for  the  Illinois  River  and 
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71.36  cc.  per  cubic  meter  the  maximum;  684  cc.  per  cubic  meter 
(Turkey  Lake,  Ind.)  is  the  largest  amount  recorded  by  Juday. 

Small  streams  and  lakes  with  large  inflow  and  outflow  have  little 
plankton.  Large  amount  of  plankton  is  usually  associated  with 
much  COi,  little  oxygen,  and  a  large  amount  of  dissolved  carbonate. 

The  amount  of  plankton  fluctuates  from  season  to  season.  The 
maximimi  for  the  Illinois  River  is  from  April  to  June.  It  gradually 
decreases  until  December  and  January,  when  the  minimnTn  is 
reached.  The  light  of  the  moon  may  increase  photosynthesis  and 
thus  the  amount  of  phyto-plankton  (Kofoid).  The  maximum  of 
Entomostraca  was  found  by  Marsh  to  fall  in  July,  August,  and 
September,  differing  in  different  years.  In  small  bodies  of  water  an 
abundance  of  plankton  is  usually,  though  not  invariably,  associated 
with  a  large  quantity  of  larger  animals  and  rooted  plants.  Large 
lakes  like  the  Great  Lakes  are  exceptions  to  this  because  of  the 
absence  of  shallow  water  vegetation. 

Liebig's  Law  of  Minimum  has  been  applied  to  plankton  by 
Johnstone  who  states  it  as  follows:  "A  plant  requires  a  certain 
number  of  foodstuffs  if  it  is  to  continue  and  grow,  and  each  of 
these  food  substances  must  be  present  in  a  certain  proportion. 
If  one  of  them  is  absent  the  plant  will  die;  if  one  is  present  in  a 
minimal  proportion,  the  growth  will  also  be  minimal.  This  will  be 
the  case  no  matter  how  abundant  the  other  foodstuffs  may  be. 
Thus  the  growth  of  a  plant  is  dependent  upon  the  amount  of  that 
foodstuff  which  is  presented  to  it  in  minimal  quantity."  The 
amount  of  plsmkton  probably  foUows  the  same  law.  All  food 
substances  must  be  present  in  correct  proportions.  The  amount 
of  plankton  may  be  determined  by  a  deficiency  in  the  amount  of 
one  substance. 

The  quantity  of  plant  and  animal  life  probably  increases  with 
the  age  of  bodies  of  water  with  small  outlet  (see  Fig.  7,  p.  58). 
This  is  because  foodstuffs  are  washed  in  with  inflowing  water,  and 
because  rooted  plants  absorb  food  from  soil  in  which  they  grow,  and 
when  they  die  and  decay  these  foodstuffs  are  added  to  the  water 
and  made  available  to  plankton  and  to  animals  in  general.  Accord- 
ingly, the  older  the  pond  and  the  longer  rooted  vegetation  has 
grown,  the  greater  the  quantity  of  life  up  to  the  time  the  pond 
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intermittent    Ttiis  principle  is  illustrated  by  an  age 
series  of  ponds  at  the  south  end  of  Lake  Michigan.    These  are 
r  in  size  and  age  increases  in  order  back  from  the  lake. 


i  Number  i 


TABLE  VIII 
'  Entohostkaca  in  Appkoximatelv  go  Liters  of 
Water  (After  Shelford) 
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PondXXiX 
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11,400 
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Pond  CXV   .  . 

*  Intermittent  pondi  itluch  (hour  ImguUritle*. 

TABLE  IX 
Showing  Ratio  of  Number  or  QuAUTmr  of  Different  Organisus  v 
THE  Maximum  is  100  (After  Shelford) 


Relative  Bite  o(  pond* 
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M 
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I 

5° 
40 

60 

il 

SO 
50 
50 
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SO 

t, 

87 

The  Bntotocatm  ar 


r    The  other  figurea  an 


In  passing  from  younger  to  older  ponds  an  increase  is  noted  in 
the  number  of  animals,  excepting  fish.  These  appear  to  decrease, 
probably  because  of  the  increasing  unsuitability  of  the  ponds  as  fish 
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breeding  places.  The  oxygen  content  decreases,  particularly  on 
the  bottom.  The  distribution  of  the  fish  present  in  these  ponds, 
in  so  far  as  breeding  habits  were  known,  was  found  to  be  corre- 
lated with  the  distribution  of  the  bottom  upon  which  they  breed. 
This  becomes  less  and  less  in  amount  as  the  ponds  grow  older. 
TABLE  X 


Showing  QuANTiTAnvE  Results  of  ExAXWAnoN  of  Factors  Related  to 
Quantity  of  Plankton  (Original) 

' 

.. 

^ 

Total  carbonates  in  parts  per  million. 

138.800 

779 

160. »o 
3  4 

3-47 
J4S« 

160.300 
1.7 
2.78 
3SSO 

. 

Oxygen,  cc.  per  liter  at  bottom 

4 

On  the  whole  the  carbonates,  COi,  and  bacteria  are  greater  in 
quantity  according  to  age.    Oxygen  on  the  whole  is  less. 

The  increase  in  quantity  of  animals  with  increase  of  soil  fer- 
tility supports  Knauthe's  contention  that  with  fishes  productivity 
of  water  is  directly  correlated  with  the  richness  of  the  soil.  The 
weak  place  in  Knauthe's  ideas  lies  in  the  fact  that  as  quantity  in- 
creases quality  decreases.  The  game  basses  and  sunfishes  give  way 
to  the  more  inferior  types  and  these  are  gradually  succeeded  by 
bullheads,  mud-minnows  and  dogfish.  This  is  due  to  the  destruc- 
tion of  breeding  bottom  for  the  desirable  fishes  by  putrescible 
organic  matter  which  results  in  much  carbon  dioxide,  hydr(^en 
sulphide,  ammonia,  and  lack  of  oxygen.  The  German  carp  comes 
into  such  a  series  rather  late  and  thus  productivity  in  carp  is  no 
doubt  correlated  with  a  fertile  substratum. 

The  amount  and  kind  of  rooted  vegetation  are  very  important  to 
animals.  Of  all  the  aquatic  situations  which  present  themselves 
the  largest  lakes  have  fewest  attached  plants,  and  these  are  all 
algas.  Cladophora,  Chora  and  filamentous  algs  are  the  most  com- 
mon. These  do  not  appear  to  have  been  recorded  below  about 
25  meters;  some  of  them  require  solid  bodies  for  attachment  and 
are  probably  most  abundant  on  the  rock  outcrops  of  shallow  water. 

The  vegetation  of  young  streams  consists  largely  of  holdfast 
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algae  dnular  to  those  among  the  rocky  shores  of  a  lake.  These  are 
of  importance  to  animab.  Sluggish  streams  have  rooted  aquatic 
vegetation. 

The  vegetation  is  used  as  breeding  places.  Eggs  are  stuck  into 
plant  tissues  by  the  predaceous  diving  beetles  (Dytisddx)  and  by 
the  water  scorpions  (Ranatra).  Eggs  are  attached  to  plants  by 
the  electric  light  bug  (Belostomidie),  back  swimmers,  may-flies, 
caddis-flies,  water  scavengers  (Hydrophilidae),  long  homed  leal 
beetles  {Donacia),  snails,  and  many  fishes  {Umbra,  and  probably 
Abramis).  .Young  animals  are  often  dependent  upon  plants  for 
shelter,  to  escape  from  enemies,  etc.  Many  insects  must  come 
to  the  surface  for  oxygen.  The  most  important  of  these  are  the 
Dytisddx  (adults  and  larvae),  the  Hydrc^hilids  (adults  and  larvs), 
the  back  swimmers,  Zaitka,  Belostoma,  Dtmacia,  snails,  Ranatra, 
and  HalipUdse.  Some,  for  example  Zaitha  and  dragon-fly  nymphs, 
lie  in  the  vegetation  and  wait  for  their  prey. 

Different  kinds  of  vegetation  have  different  values  for  animals. 
The  bulrush  is  barren  for  the  following  reasons:  (i)  hardness 
mates  it  a  bad  place  for  eggs;  (2)  there  are  no  clinging  places; 
(3)  there  is  little  shade;  (4)  it  gives  a  high  temperature  in  sunmier; 
(5)  there  is  no  great  addition  of  oxygen  by  vegetation;  (6)  it 
does  not  afford  a  suitable  place  for  securing  food.  Equisetum  is 
unfavorable  for  similar  reasons.  Elodea  is  excellent;  Myriophyl- 
lum,  good ;  water-lilies  and  Chora,  only  fair. 

Aniual  Couuunitxes 

Plants  and  animals  select  their  habitats  through  physiological 
characters.  Sessile  plants  and  animals  have  disseminules  which 
usually  come  to  rest  in  a  great  variety  of  conditions  and  grow  to 
maturity  only  in  those  conditions  that  are  suitable  to  stimulate 
development.  The  physiological  character  of  the  reproductive 
bodies  and  external  conditions  are  responsible  for  the  dbtribution. 

Animals  select  their  environments  by  one  of  three  methods: 
(i)  by  wide  dissemination  of  reproductive  bodies  and  selective 
survival,  (2)  by  turning  back  when  the  environment  in  which  they 
move  about  is  found  to  change,  and  (3)  by  selection  after  trial  in 
connection  with  migration. 
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Numbers  of  animals  select  the  same  environment  because  of 
physiological  similarity.  All  the  animals  occupying  a  relatively 
uniform  habitat  constitute  an  animal  community.  A  physiological 
agreement  exists  among  the  animals  of  a  community.  The  rapids 
community  of  a  large  creek  is  in  a  general  agreement  in  reactions 
to  certain  factors,  and  disagreement  in  respect  to  factors  differ- 
ing in  intensity  vertically.  In  Fig.  s  is  shown  a  noteworthy  agree- 
ment in  reaction  to  bottom  and  current  under  experimental  condi- 

POSITIVE  REACTIONa     HYDROPSYCHE  OR  (UPIDS  COHHUHITY 


ISIROHG  CUHHEITT^g  UNDER  STONES^D         AMONG  STONES ^^ 

HARD  BOTTOM       ^  ON  STONES       ^        WEAK  UGHT       ^ 

iEOIUH  UfiHT       ^^  STRONG  UGHT  HB         UKUHHESIA    BB 


!  urcemcnt  ud  diuKRernm  at  Che  reactioni  of  [he  uJRuls  ot  tbe  npiia  conuniiBlW. 
it  of  ractkn  to  bottom  and  current  uhl  diiofnemenE  in  two  othei  roulioDi  related  to  tbe 
tbe  uunula  live.  Tboe  lesulu  went  obtiuned  bv  placing  tbe  uumiJi  under  eiperineiitil 
rhicli  tlxy  bad  a  choke  between  diflerenc  kinda  of  bottom^  different  iijeiigtha  «^  lisht,  and 


Etnam  ■»■'"*'■  an  uid  to  be  poaitive  _  _—....,.    ... 

. .. bin  tbe  kind  at  conditioaiavdlabkm  Dots)  and  the 

o  be  poaltlve  to  tbe  CHiditioaa  in  which  tbe  greauM  number  are  lound.    Thoa  note 

'"' — ' — '  ~ai  So  per  cent  WBou  tike  Moaei  aad  ii  Hid  to  be  poaltive  to  thia  Itiiid  at 

It  II  the  animali  iBiTbeen  loo  per  cent  poiitive  to  the  varioiu  atimiUi  the 

Thi)  could  be  tnu  only  if  there  were  DO  olbet  Cadwi 

onunon  nania  oE  tbe  aninaii  are  aa  fdlowa:   EHuO' 
ii-nvH.  uajuait.   unHnaiu,  (uul;   Rydnfiyclu,  ouUice  Borm:    i4r|H.  damd  By; 
i-sH,  Hvuc  uii  Biptttouf.  may-By  lub-Camllyi  Pitphtmii,  water  penny. 

tioQS.  The  preference  for  hard  bottom  in  these  experiments  means 
the  avoidance  of  sand  as  only  sand  and  hard  bottom  were  present 
in  the  experiments.  Animals  living  under  stones  were  under  stones 
in  darkness  in  the  experiments.  The  snail  {Goniobasis)  which  lives 
on  stones  was  found  on  stones  in  the  experiments.  The  darter 
{Etheosloma)  and  the  crayfish  (Camioftts)  which  live  among  stones 
were  found  among  stones  in  the  experiments.    Thus  the  different 
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s  differ  in  their  relations  to  bottom  and  are  in  disagreement 
with  reference  to  their  vertical  distribution  in  nature.  Turning 
to  reactions  to  light  one  finds  a  comparable  difference.  Animals 
living  beneath  stones  show  a  preference  for  weak  light;  those  living 
on  stones,  medium  light;  those  among  stones,  strong  light.  If  one 
were  to  study  the  community  in  full  one  would  find  that  reactions 
to  many  other  factors  are  of  importance.  Associative  memory  no 
doubt  plays  a  r61e.  Thus  there  is  agreement  in  reaction  to  factors 
of  prime  importance  in  the  community  habitat  as  a  whole  and 
disagreement  in  respect  to  factors  differing  strikingly  in  the  levels 
in  which  the  animals  live  within  the  community  habitat.    These 


levels  are  called  strata.  The  pool  community  shows  a  striking 
diSerence  from  the  rapids  community  in  the  presence  of  a  strong 
preference  for  sand  bottom  and  in  the  presence  of  the  burrowing 
habit,  both  of  which  are  wanting  among  the  animals  of  the  rapids 
community.  The  non-burrowing  pool  species  are  positive  to  cur- 
rent but  the  burromng  species  do  not  respond  within  ordinary 
leagths  of  time. 

Forbes  has  devised  a  method  by  which  the  frequency  of  associa- 
tiwi  may  be  determined  for  any  two  or  more  species.  Data  re- 
garding such  frequency  may  be  obtained  from  collections  made  so 
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as  to  cover  several  atiimal  communities.  The  assodatioD  which 
would  result  from  an  indiscriminate  distribution  is  first  eliminated. 
Then  from  the  total  number  of  collections,  the  number  of  collec- 
tions containing  each  species,  and  the  number  of  collections  con- 
taining both  spedes,  he  derives  a  coefficient  of  association  by  very 
simple  calculations. 

Each  animal  prefers  certain  food.  The  food  relations  of  pond 
animals  are  shown  in  Fig.  6.  For  purposes  of  illustration  one  may 
suppose  the  existence  of  a  community  composed  of  the  species 
named  only. 

Any  marked  change  of  conditions  will  disturb  the  balance  in  an 
animal  community.  Assuming  that  because  of  some  unfavorable 
conditions  in  a  pond  during  their  breeding  period  the  black  bass 
decrease  markedly,  the  pickerel,  which  devours  young  bass,  must 
feed  more  exclusively  on  insects.  The  decreased  number  of  black 
bass  would  relieve  the  drain  upon  the  crayfishes,  which  are  eaten 
by  the  bass;  crayfishes  would  accordingly  increase  and  prey  more 
heavily  upon  the  aquatic  insects.  This  combined  attack  of  pick- 
erel and  crayfishes  would  cause  insects  to  decrease  and  the  number 
of  pickerel  would  fall  away  on  account  of  the  decreased  food  supply. 
Meanwhile  the  bullheads,  which  are  general  feeders  and  which  eat 
aquatic  insects,  might  feed  more  extensively  upon  mollusks  because 
of  the  decrease  of  the  former,  but  would  probably  decrease  also 
because  of  the  falling  off  of  their  main  article  of  diet.  It  may 
reasonably  be  assiuned  that  the  black  bass  would  recover  its  num- 
bers because  of  the  decrease  of  pickerel  and  bullheads,  the  enemies 
of  its  young.  A  further  study  of  the  diagram  shows  that  a  balance 
between  the  numbers  of  the  various  groups  of  the  conununity 
might  soon  result.  Under  certain  circumstances,  such  as  the  ex- 
tinction of  the  black  bass,  the  resulting  condition  would  be  entirely 
different  from  the  original  one,  but  a  balance  between  supply  and 
demand  would  nevertheless  finally  be  established.  The  commu- 
nity is  said  to  have  equilibrated  when  such  a  condition  is  reached; 
that  is,  a  new  equiUbrium  is  established,  which  may  or  may  not  be 
like  Ike  old. 

The  causes  of  fluctuations  of  numbers  of  organisms  are  numer- 
ous.   Cold  winters  often  destroy  aquatic  vertebrates.    Large  rain- 
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fall  dilutes  the  plankton  and  in  streams  carries  it  away.  Too 
little  sunshine  causes  a  poor  production  of  the  chlorophyll  bearing 
organisms  which  are  a  food  basis  of  others.  Open  winters  favor 
daiitrification  and  may  be  unfavorable  to  certain  lower  invertebrates. 

Animals  fed  upon  certain  kinds  of  food  supply  enzymes  digest- 
ing that  kind  of  food  in  the  proper  quantity.  The  proportion  of 
the  different  kinds  of  enzymes  changes  with  changes  in  diet.  Under 
proper  experimental  condiUons  anti-pepsin,  anti-trypsin,  etc.,  are 
developed  by  organisms.  Organisms  may  develop  immunity  to 
toxins  introduced  into  the  alimentary  canal  with  food,  but  the 
process  is  a  slow  one.  The  introduction  of  toxins,  or  bacteria  re- 
produdng  them,  directly  into  the  blood  is  doubtless  a  common 
thing  among  aquaric  animals  which  are  probably  as  subject  to 
injury  and  disease  as  are  land  animals  (see  Hill  or  Rosenau). 
Various  aquatic  organisms  must  possess  natural  immunity  for  the 
various  decomposition  products  of  fresh  water  (see  under  bacteria, 
p.  94).  Acclimatization  must  often  involve  the  development  of 
immimity.  As  knowledge  along  these  lines  is  increased  the  con- 
viction that  enzymes,  toxins,  immimity  and  related  phenomena 
play  a  very  important  rOIe  in  the  Ufe  of  fresh-water  animals  grows 
prt^rtionately.  Lillie  has  recently  found  that  comparable  phe- 
nomena are  of  great  significance  in  connection  with  the  fertiliza- 
tion of  the  eggs  of  marine  animals  and  future  investigation  along 
these  lines  will  doubtless  be  of  much  importance. 

Ecological  classification  must  be  based  upon  community  or  phy- 
siological make  up,  behavior,  and  mode  of  life  and  similarity  of 
habitat.  Those  natural  groups  of  animals  which  possess  likenesses 
are  the  communities  which  must  be  recognized.  One  community 
ends  and  another  begins  where  a  general  more  or  less  striking 
difference  in  the  larger  physiological  characters  of  the  organisms 
concerned  occurs.  These  communities  generally  occupy  relatively 
uniform  environments.  For  any  given  organisms  the  other  organ- 
isms of  the  community  are  a  part  of  the  conditions  of  existence. 
There  is  general  agreement  in  the  recognition  of  strata,  of  associa- 
tums  as  commimities  based  upon  minor  differences  in  habitats, 
and  formations  based  upon  larger  major  differences  in  habitats 
and  considerable  agreement  in  the  use  of  consocies  and  mores. 
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Communities  of  different  orders  are  given  below  with  taxonomic 
divisions  of  corresponding  magnitude  opposite  for  comparison. 
vath  the  exception  of  the  first,  these  taxonomic  groupings  do  not 
bear  the  slightest  relation  to  the  ecological  groupings,  but  are  added 
to  indicate  magnitude. 

Bcoloiical  Groufa  Tuonomic  GnxqH 

(Mos)  Mores  Fonn  (fonns)  (species) 

Consodes  Genus 

Stratum  or  story  Family 

Association  or  society  Orde: 

Formatiob  Class 

Extensive  fonnation  Phylum 

(Aquatic  and  terrestrial)  (Vertebrates  and  invertebrates) 

Mores '  are  groups  of  organisms  in  full  agreement  as  to  phy^o- 
logical  life  histories  as  shown  by  the  details  of  habitat  preference, 
time  <A  reproduction,  reaction  to  physical  factors  of  the  environ- 
ment, etc.  The  organisms  constituting  a  mores  usually  beloi^  to 
a  single  species  but  may  include  more  than  one  species  or  one 
species  may  occupy  two  or  more  habitats  and  be  made  of  several 
mores  (Shelf ord;  Allee). 

Consodes  are  groups  of  mores  usually  dominated  by  <me  or  two 
of  the  mores  concerned  and  in  agreement  as  to  the  main  features 
of  habitat  preference,  reaction  to  physical  factors,  time  of  rq>ro- 
duction,  etc. 

Strata  are  groups  of  cottsodes  and  organisms  not  so  grouped, 
occupying  the  recognizable  vertical  divisions  of  a  uniform  area. 
Strata  are  in  agreement  as  to  material  for  abode  and  general  physi- 
cal conditions  biit  in  less  detail  than  the  consodes  which  constitute 
them;  for  example,  the  imderstone  strattmi  of  a  rapid  brook  (see 
Fig.  S.  P-  52)- 

'  Mores  (latin  singular  mos),  "behavior,"  "habits,"  "customs";  admissible 
beie  because  bdiavior  is  a  good  index  q(  physiological  fonditions  and  constitutes  the 
dominant  phenomenon  of  a  physiological  life  history  and  of  community  lelations. 
This  term  is  used  just  as  form  and  forms  are  used  in  biology,  in  one  sense  to  apply 
to  the  general  ecological  attributes  of  motfle  oiganisms,  in  another  sense  to  animals 
or  groups  ol  animals  possessing  peculiar  attributes.  When  appUed  in  this  latter 
■oise  to  sin^e  animals  or  a  single  group  of  animals  the  plural  is  used  in  a  singular  con- 
struction. This  seems  preferable  to  using  the  singular  form  mos  which  has  a  different 
Eaeaning  and  intioducea  a  second  word.  The  organism  is  viewed  as  a  con4)lex  of 
activities  and  processes  and  mores  is  therefore  a  plural  conception. 


.dbyCoOgIc 


CONDITIONS  OF  EXISTENCE  57 

A  given  animal  is  classified  primarily  with  the  stratum  in  which 
it  breeds,  as  being  most  important  to  it,  and  secondarily  with  the 
stratum  in  which  it  feeds  and  lives,  as  in  many  cases  most  im- 
portant to  other  animals.  .  The  migration  of  animals  from  one 
stratum  to  another  makes  the  division  line  difficult  to  draw  in 
some  cases.  Still,  the  recognition  of  strata  is  essential  even  though 
a  rigid  classification  is  undesirable. 

Associations  are  groups  of  strata  uniform  over  a  considerable 
area.  The  majority  of  mores,  consocies,  and  strata  are  different  in 
different  associations.  A  minority  of  strata  may  be  similar.  The 
term  is  ^plied  in  particular  to  stages  of  formation  develq)ment 
of  thb  ranking.  The  unity  of  association  is  dq>endent  upon  the 
migration  of  the  same  individual  and  the  same  mores  from  one 
stratum  to  another  at  different  times  of  day  or  at  different  periods 
of  their  Iffe  histories.  Such  migration  is  far  more  frequent  than 
from  one  association  to  another. 

Fonnaiions  are  groups  of  associations.  Formations  differ  from 
one  another  in  ali  strata,  no  two  being  closely  similar.  The  num- 
ber of  species  common  to  two  formations  is  usually  small  {e.g., 
5  per  cent).  Migrations  of  individuals  from  one  formation  to 
another  are  relatively  rare. 

The  following  is  a  list  of  the  commoner  fresh-water  commu- 
nities: 

I.    Communities  of  ice,  snow,  and  glacier  pools  (Moore). 

They  live  at  o"  C.  or  bdow  throughout  the  year  (worms,  insects,  and 
crustaceans). 

n.  Stream  Communities  (Shelford). 

I.   Commuiiities  of  snow  and  ice  fed  streams.    They  live  at  a  little  above 
the  freezing  point  most  of  the  year.    Insects  are  the  chief  inhabitants, 
a.   Intermittent  Stream  Communities 

a.  Inteimittent  rapids  —  variable  conditions  and  fauna 

b.  Intermittent  pool  —  variable  conditions  and  fauna 

c.  Permanent  pool  —  variable  aquatic  conditions  and  hardy  animals 
3.  Permanent  Stream  Communities 

a.  Spring  dominated  stages 

(i)  Spring  consocies  —  often  few  or  no  flnimaW  on  account  of 

water  conditions 
(3)  Spring  bnx^  assodations 
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4.  CredL  and  River  Communities 

a.  Pelagic  sub-formations,  independent  of  bottom  and  shores 

b.  Riffle  formation  (turbulent  water  fonnalion) 

c.  Sand  or  gravel  bottom  formations 

d.  Sandy   bottomed   stream   sub-fonnation,   shifting   bottom  sub- 

fOTmation,  aquatic  desert 

e.  Silt  or  sluggish  stream  communities 

(i)  Sluggish-stream  sub-fonnationa 
(1)  Pelagic  formations 

(3)  Bare  bottom  fonnations 

(4)  Vegetation  fonnations 


F10.T. 

KfioB.    CAft«  Tr»nieiu.) 

m.  Large  Lake  Communities  (Shelf ord;  Whipple). 

I.  Pelagic  formatbns 

a.  Erodmg  rocky  shore  sub-formations  (turbulent  water  formations) 

3.  Depositing,  shifting-bottom  sub-formations 

4.  Lower  shore  formations 

5.  Deep  water  formations 
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IV.  Lake-Pond  Communities  (see  Figs.  7  and  8)  (Shelford). 

I.  Pekgic  sub-fomtations, 

a.  Terrigenous  bottom  foimations 

3.  V^etation  fomiationa 

a.  Submerged  v^etatiou  asaodatloDS 

b.  F.miTging  vegetation  associations 

4.  Teinpotaiy  pond  formations  (Shelford) 

Conditions  of  existence  in  fresh  water  at  any  given  point  are 
changing  in  a  definite  direction.  This  change  involves  every  item 
of  the  environment  which  has  been  enu- 
merated on  the  preceding  pages.  Streams 
wear  down  their  beds,  wear  their  valleys 
wider,  reduce  the  speed  of  their  current, 
grind  their  coarse  bottom  materials  into 
the  finest  silt.  The  waves  of  lakes  cut 
away  the  shores,  grind  up  the  rocks  they 
break  off  in  this  process,  and  deposit  the 
alt  thus  produced  in  the  bottom.  Streams 
lower  the  outlets  of  lakes  and  carry  detri- 
tus into  them. 

Ponds  and  small  lakes  supp>ort  vegeta- 
tion which  decays,  filling  their  bottoms 
with  putresdble  material  which  is  gradu- 
ally transformed  to  humus  with  a  lowering 
of  oxygen  and  the  development  of  poison-  Dk,™m.^I^;^^«nudo« «( . 
ous  decomposition  products.  The  ponds  t^'°t£^^^<^i]]^S?^'t^ 
and  lakes  are  thus  filled  as  well  as  drained  the  itgun  "^^aa^Bt  ytv^xi^ 
and  all  become  swamo  Eind  finallv  drv  land,   toatoi  vcgeutioo.  s^pung  ipdi- 

^  ■'        -'  cUa  [ha  region  of  deqj  wits  or  th< 

Streams  gradually  erode  theu:  way  down  fej"^™?^ u^'^mm'uk^ Sl^t 
to  sea  level  and  become  meandering  base  Su^tdSSf^illfSJ^u^ 
level  streams  with  fine  silt  bottom,  slugpsh  t^"*"^' 
current  and  an  abundance  of  vegetadon.  The  base  level  streams 
and  dry  land  are  the  ultimate  fates  of  all  bodies  of  fresh  water, 
^^^th  the  changes  enumerated,  there  is  always  almost  complete 
change  of  animal  and  plant  life.  The  physiological  requirements 
of  the  life  of  the  first  stages  of  the  process  are  entirely  differoit 
from  those  of  the  last. 
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Methods  of  Collecting 
I.  Vertebrates 

I.  Fish  must  be  collected  under  the  state  laws  which  usually 
forbid  the  use  in  inland  waters  of  any  apparatus  except  hook  and 
line  or  dip  or  lift  nets  held  in  the  hand.  In  most  states  licenses  to 
use  nets  for  scientific  purposes  may  be  obtained  either  from  the 
state  fish  commission  or  from  the  game  and  fish  warden. 

(fl)  Seines  are  long  nets  with  a  weighted  lead  line  attached  to 
the  lower  edge  and  a  cork  line  attached  to  the  upper  edge  so  that 
the  nets  remain  upright  in  the  water.  When  the  net  is  so  stretched 
that  it  forms  rectangular  meshes  "square  mesh"  is  the  length  in 
inches  of  one  side  of  a  single  square.  For  use  in  brooks  oi  for  col- 
lecting small  shore  fishes,  seines  twelve  or  twenty-four  feet  long 
and  four  or  five  feet  in  depth  are  suitable.  The  former  should 
be  of  one-quarter '  inch  square  mesh,  while  the  latter  may  be  of 
one-half  inch  square  mesh. 

For  larger  fish,  seines  of  fifty  and  one  hundred  feet  in  length,  five 
to  nine  feet  deep  and  of  inch  mesh  should  be  used,  but  larger 
seines  are  not  easily  handled  by  two  persons.  The  longer  seines 
should  be  of  the  twine  ordinarily  used  for  such  purposes  and 
knotted  at  every  crossing.  -For  the  shorter  lengths  the  excellent 
and  cheaper  "common-sense"  minnow  seines  which  are  woven  to 
resemble  coarse  burlap  may  be  used.  Very  serviceable  seines 
may  be  made  of  a  good  quality  of  heavy  bobbinet  which  may 
be  had  of  dealers  in  dry  goods.  All  seines  are  much  more 
effident  if  provided  with  a  bag  at  the  center,  as  is  the  Baird  col- 
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lecting  seine,  but  seines  of  this  form  are  expensive  and  not  abso- 
lutely necessary. 

Seines  can  be  used  only  where  the  bottom  is  free  from  large 
stones  or  deadwood  and  the  water  not  much  obstructed  by  vegeta- 
tion. A  brail,  or  stout  pole,  is  fastened  by  a  double  half-hitch  to 
both  cork  and  lead  lines  at  each  end  of  the  seine  so  as  to  extend 
from  the  cork  line  to  the  lead  line  and  keep  the  seine  stretched 
between  the  two  hnes.  The  seine  is  then  operated  by  two  persona 
each  of  whom  holds  a  brail  in  such  a  way  that  the  lead  line  is  kept 
close  to  the  bottom  which  it  sweeps,  while  the  seine  forms  an  arc 
of  a  circle  between  the  two  braib.  At  the  end  of  the  haul  the 
seine  is  best  landed  on  a  gently  sloping  bank  by  seizing  the  lead 
line  and  drawing  it  in  first  to  the  bank.  Where  the  bank  does 
not  afford  a  suitable  landing  place  a  short  seine  maybe  "tripped" 
in  any  depth  of  water  by  quickly  puUing  up  the  lead  line  until  it 
lies  in  the  same  horizontal  plane  as  the  cork  line.  The  seine  sag- 
ging between  the  two  hnes  retains  the  fish.  A  short  seine  may  be 
thrown  or  cast  from  a  boat  in  deep  water  and  immediately  drawn 
in  and  tripped.  Small  surface-swimming  fishes  are  caught  in  this 
way.  Where  a  long  seine  is  to  be  used  in  water  too  deep  to  wade, 
a  heavy  weight  is  attached  to  the  lower  end  of  one  brail  so  as 
to  keep  it  upright  in  the  water.  To  the  same  brail  a  short  rope 
is  so  fastened  that  it  extends  loosely  from  one  end  of  the  braC 
to  the  other.  To  the  middle  of  this  short  rope,  or  bridle,  is 
attached  a  long  hauling  rope.  The  end  of  the  seine  is  then 
carried  out  into  deep  water  by  means  of  a  boat  and  the  free 
end  of  the  hauling  rope  brought  back  to  shore,  from  which  the 
seine  is  hauled  in  by  means  of  the  rope.  If  a  hauling  rope  and 
weight  are  attached  to  each  brail  the  seine  may  be  set  in  the  water 
at  any  convenient  distance  from  shore  and  parallel  to  it  and  may 
then  be  hauled  to  shore  by  means  of  the  ropes. 

(6)  Trammel  nets  consist  of  one  web  of  fine  twine  of  about  one 
inch  mesh  between  two  webs  of  coarse  twine  of  about  six  inches 
mesh.  A  length  of  one  hundred  feet  and  a  depth  of  six  or  eight 
feet  is  convenient.  The  fine-meshed  web  is  much  deeper  than 
the  coarser  ones  and  all  three  are  attached  between  a  single 
cork  line  and  a  single  lead  line.     The  net  is  "laid"  in  a  boat 
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(see  below  under  gill  nets)  and  is  set  by  stretching  it  along  the 
seaward  edge  of  vegetation  or  other  shelter  in  which  :&sh  lurk  and 
from  which  they  cannot  be  taken  with  other  nets.  The  net  may 
be  fastened  to  stakes  or  allowed  to  float  in  water  of  about  its 
own  depth,  where  it  stands  upright  like  a  fence.  The  fish  are 
then  driven  from  their  shelter  toward  the  net,  which  they  strike 
with  such  force  as  to  carry  the  nearly  invisible,  fine  web  through 
the  meshes  of  the  coarser  webs,  so  as  to  form  pockets  in  which 
the  fish  are  held.  The  trammel  net  is  easily  transported  and 
very  eflfective,  especially  in  slightly  turbid  water  or  at  night. 

(c)  Fyke  Nets.  A  fyke  net  is  made  like  a  seine,  but  at  its  middle 
is  left  a  circular  opening  bordered  by  a  hoop  of  wood  or  iron.  To 
the  hoop  is  attached  the  pot,  a  series  of  truncated  cones  of  netting 
open  at  both  ends.  The  smaller  end  of  the  first  cone  leads  into 
the  larger  end  of  the  second  cone  and  this  often  into  a  third. 
The  last  cone  of  the  pot  is  closed  at  its  smaller  end  by  a  draw 
string.  Both  ends  of  the  lead  and  cork  lines  should  be  tied  into 
loops  and  the  net  should  be  "laid"  in  a  boat  (see  below  under 
gill  nets)  and  taken  to  the  place  of  setting  together  with  two  stout 
poles  of  suitable  length,  a  rope  and  a  heavy  stone  or  other  anchor. 
The  loops  at  one  end  are  slid  over  a  pole  which  is  then  thrust  or 
driven  into  the  bottom.  The  net  is  liien  paid  out  from  the  boat 
rowed  in  the  direction  in  which  it  is  desired  to  set  it.  When  the 
pot  is  reached  it  is  thrown  overboard.  When  the  other  end  of  the 
net  is  reached  it  is  fastened  to  a  pole  set  in  the  bottom  in  the 
manner  already  described,  but  the  net  is  left  quite  slack  between 
the  two  poles.  The  pot  is  then  picked  up,  the  rope  attached  to 
the  terminal  funnel  and  the  whole  pulled  usually  toward  the  shore.' 
The  pull  causes  the  net  to  bend  into  a  V  the  wings  of  which 
stretch  from  the  pot  to  the  poles.  The  anchor  is  now  attached  to 
the  end  of  the  rope  and  thrown  overboard.  If  the  water  is  deep 
a  small  cord  with  a  float  at  one  end  is  attached  by  its  opposite 
end  to  the  anchor  line  and  serves  to  pull  up  the  anchor  line  when 
the  pot  is  to  be  lifted.    The  anchor  line  may  be  tied  back  to  a 

<  The  larger  fish  usually  taken  in  a  fyke  are  caught  as  they  go  from  the  v^eta- 
tkm  zone  or  beyond  it  iota  shoal  water.  They  might  be  caught  as  they  leave  the 
sboal  water  by  setting  the  net  the  other  way  about. 
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stake  and  the  anchor  dispensed  with.  Fykes  are  iisually  set  across 
the  mouth  of  a  small  bay  or  inlet  but  may  be  placed  anywhere. 
In  running  water  the  net  may  face  either  up  or  down  stream.  It 
may  be  necessary  to  set  a  row  of  stakes  across  the  stream  above 
the  net  to  catch  drift  wood.  When  fish  attempt  to  enter  the  bay 
or  inlet  across  which  the  net  is  set,  they  follow  the  wings  of  the 
fyke  and  enter  the  pot  from  which  they  are  unable  to  escape. 
The  net  may  be  left  set  for  a  long  time  and  the  hsh  taken  from  it 
at  intervals  by  lifting  the  pot  and  loosening  the  draw  string.  The 
wings  of  a  fyke  may  be  from  fifteen  to  fifty  feet  long  according  to 
its  location,  but  for  brook  use  fykes  are  made  without  wings. 


The  fyke  is  an  excellent  net  for  catching  turtles,  but  should  then 
be  modified  as  indicated  in  the  section  on  turtles  (p.  66). 

(d)  Gill  nets  are  made  of  very  fine  cotton  or  linen  twine  and  of 
various  meshes.  Inch  or  two-inch  square  mesh  and  a  length  of 
one  hundred  or  one  hundred  and  fifty  feet  are  useful  for  collecting. 
The  nets  are  intended  to  be  left  out  for  days,  at  least,  on  the 
bottom  in  deep  water.  They  stand  upright  in  the  water  (Fig.  9) 
and  the  fish  strike  them  usually  at  night  and  become  entangled  in 
the  meshes,  so  that  they  are  commonly  dead  when  the  nets  are 
Ufted. 

A  small  rope  of  at  least  the  length  ol  the  net  is  attached  to  one 
end  of  the  cork  iine  and  a  stone  or  other  heavy  weight  to  serve  as 
an  anchor  is  made  fast  to  the  other  end  of  the  rope.    The  anchor 
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is  placed  in  the  boat  and  the  rope  carefully  coiled  near  it.  The 
net  is  then  carefully  "laid"  by  folding  it  back  and  forth  after 
the  manner  of  a  folding  fan.  It  is  not  necessary  to  keep  the  net 
stretched  to  its  full  width  between  the  cork  and  lead  lines.  When 
the  opposite  end  of  the  net  is  reached  a  second  and  equal  anchor 
line  with  anchor  attached  is  made  fast  to  the  cork  line.  A  number 
of  giU  nets  may  be  fastened  together  end  to  end  and  used  as  a 
single  net,  with  a  single  pair  of  anchor  lines  and  anchors.  It  is 
convenient  to  lay  the  net  on  a  "  setting  board  "  four  or  five  feet 
long  and  as  wide.  The  board  may  be  made  like  a  batten  door  of 
smooth  boards  and  placed  across  the  stem  of  the  boat,  where  the 
net  is  to  be  set.  The  net  should  be  set  where  it  is  thought  fish 
will  run,  as  across  a  narrow  neck  connecting  two  parts  of  a  lake  or 
across  the  mouth  of  a  bay.  If  the  net  is  set  down  the  wind  it  may 
be  handled  by  a  single  person.  The  upper  anchor  is  thrown  out 
and,  as  the  boat  drifts  with  the  wind,  first  the  anchor  line  and 
then  the  net  are  paid  out,  and  care  is  taken  that  the  net  is  not 
fouled  in  going  over  the  side  of  the  boat.  When  the  second  anchor 
line  has  been  paid  out  to  near  its  middle  a  small  rope,  long  enough 
to  reach  to  the  surface  of  the  water  is  made  fast  to  it  and  to  the 
free  end  of  this  is  fastened  a  piece  of  wood  to  serve  as  a  float. 
When  the  end  of  the  second  anchor  line  is  reached,  the  n^t  is 
pulled  taut,  and  the  second  anchor  thrown  over.  The  fish  may 
be  removed  from  the  net  by  pulling  up  the  float  line  until  the 
anchor  line  is  recovered  and  by  then  running  along  this  and  the 
cork  line  of  the  net,  hand  over  hand,  allowing  the  part  of  the  net 
that  has  been  examined  to  fall  back  into  the  water. 

(c)  Traps.  A  cylinder  is  formed  of  wire  netting  of  one-fourth 
or  one-half  inch  mesh.  Into  one  end  of  this  is  fitted  a  cone  of  the 
same  material  with  its  apex  directed  inward.  The  apex  is  trun- 
cated so  as  to  leave  an  opening  two  or  more  inches  in  diameter. 
A  similar  cone  may  be  fitted  over  the  other  end  of  the  cylinder  or 
this  may  be  closed  by  a  flat  cover  of  netting.  One  end  of  the 
cylinder  must  be  removable  to  permit  baiting  and  removal  of  the 
fish.  The  cylinder  may  be  two  or  three  feet  long  and  a  foot  in 
diameter  and  the  cone  eight  inches  deep  —  but  larger  ^zes  may  be 
used  to  advantage.     The  trap  is  baited  with  fish  or  meat  bung 
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near  its  middle  by  a  wire  and  is  lowered  to  the  bottom  at  any 
depth  by  a  cord  supported  by  a  float  It  is  used  chiefly  for  smaller 
fish,  crayfish,  or  Necturus.  It  may  be  set  anywhere  but  is  espe- 
dally  useful  where  water  is  obstructed  by  vegetation,  rocks,  or 
fallen  trees  so  that  nets  cannot  be  drawn. 

(/)  Care  of  nets.  Both  fyke  nets  and  gill  nets  should  be  taken 
from  the  water  at  intervals,  washed,  dried,  and  mended  before  they 
are  again  used.  For  mending  it  is  necessary  to  have  a  supply  of 
twine  of  which  the  nets  are  made  and  several  wooden  shuttles  or 
needles  such  as  fishermen  use;  it  is  also  necessary  to  learn  the 
knot  used  in  making  nets  by  hand.  All  nets  when  taken  from 
the  water  should  be  washed  and  carefully  dried  before  being  put 
away.  If  left  with  the  twine  clogged  with  accumulated  organic 
matter  they  rapidly  decay  and  this  decay  is  the  more  rapid  if  the 
nets  are  damp.  They  may  be  stored  by  hangii^  them  loosely  in 
some  dry  loft  or  they  may  be  packed  in  b^;s  and  bung  from  the 
ceiling  by  cords.  If  left  accessible  to  rats  or  mice  they  may  be 
ruined  by  being  utilized  as  nest  material. 

In  laying  a  net  for  storage  or  transportation  the  lead  and  cork 
lines  should  each  be  folded  back  and  forth  on  itself.  The  lead 
line  should  be  so  folded  that  the  leads  are  brought  t<^ether  and 
they  should  then  be  securely  tied  together.  If  this  precaution  is 
not  taken  the  loose  leads,  carrying  the  lead  line  with  them,  become 
woven  back  and  forth  through  the  net  and  the  whole  is  almost 
inextricably  tangled  together. 

2 .  Turtles.  Turtles  are  best  taken  in  a  turtle  net  which  is  a  form 
of  fyke  net.  It  should  be  of  heavy  twine  and  coarse  mesh  and,  if  it 
is  desired  to  keep  the  turtles  alive,  should  be  modified  as  follows: 
The  terminal  section  of  the  pot  is  made  cyUndrical  or  the  whole 
pot  may  be  made  with  square  hoops.  A  circular  opening  is  cut  in 
the  upper  side  of  the  terminal  section  of  the  pot  and  to  this  is 
attached  the  lower  end  of  a  cylinder  of  netting  which  extends  to 
the  water's  surface.  The  upper  end  of  this  cylinder  is  attached  to 
an  opening  cut  in  one  ^de  of  a  wooden  box  provided  on  the  oppo- 
site side  with  a  hinged  lid  fastened  with  a  hasp.  The  box  is  sup- 
ported at  the  surface  of  the  water  on  poles  set  in  the  bottom. 
When  turtles  reach  the  terminal  section  of  the  pot  they  are  able 
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to  eater  the  box  through  the  cylinder  of  netting  and  are  thereby 
saved  from  drowning  which  would  ensue  if  they  could  not  reach 
the  air.  They  may  be  removed  through  the  lid  at  the  convenience 
of  the  collector. 

n.    ImrERTEBRATES 

Invertebrates  are  to  be  collected  in  three  situations:  in  the 
aquatic  vegetation  bordering  the  shore,  in  the  open  water,  beyond 
this  vegetation-zone,  and  on  the  bottom,  so  that  the  apparatus 
suitable  to  each  of  these  situations  may  be  separately  considered. 

It  is  convenient  to  consider  first  those  methods  designed  for 
qualitative  work,  for  finding  out  what  organisms  are  present,  and 
second  those  methods  by  which  the  number  or  quantity  of  organ- 
isms present  in  a  unit  volume  of  water  or  under  a  unit  area  of  sur- 
face may  be  determined. 

A.  Collecting  in  Littoral  Vegetation 

1.  By  dip  nets.  The  dip  net  (Fig.  10)  is  here  of  greatest  use.  It 
consists  of  a  conical  netted  bag  about  one  foot  in  diameter  and 
eighteen  inches  deep  attached   to  a 

stout  ring  of  brass  or  iron,  firmly 
fixed  to  a  stiff,  wooden  handle  seven 
or  eight  feet  long.  The  lower  third  of 
the  net  may  often  be  advantageously 
lined  with  thin,  cotton  cloth  to  retain 
smaller  organisms.  A  form  of  this  net 
adapted  to  scraping  fiat  surfaces,  such 
as  logs,  fiat  stones,  banks,  etc.,  is  also 

,  ,„,  \         -,.  1  ...  Fid.  10.    Two  lorau  of  d1>  Ml.    Fotde- 

shown  (Fig.  10).  Ithasasemi-orcular  Kripti™  «« um.  (Fmm  fdkXosnidB 
rim  and  a  shallow  bag  of  canvas'with 

a  bottom  of  No.  6  or  8  bolting  cloth.  The  handles  used  on  dip 
nets  are  rake  handles.  The  iron  rings  may  be  made  by  any 
blacksmith.  The  bags  are  sold  as  minnow  dip  nets  by  dealers 
in  fishing  tackle  or  by  mail-order  houses. 

2.  By  collecting  larger  aquatic  plants.  With  such  nets  many 
forms  visible  to  the  naked  eye  may  be  collected  directly,  or  the 
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aquatic  vegetation  may  be  obtained  and  searched  for  smaller 

organisms.     Many  fonns  that  are  detected  with  difficulty  in  the 

.^  field  appear  in  abundance  in  the  water  of  small 

\  dishes  containing  aquatic  plants,  when  allowed  to 

B  stand  undisturbed  for  some  days  (anneUds,  fiat 

.^k  worms,   rotifers,   hydras,   protozoa,   etc.).     Sub- 

^^  merged  vegetation  which  grows  in  deeper  water 

and  cannot  be  reached  by  other  means  may  be 

obtained  by  dragging  behind  a  boat  the  grapple 

(Fig.  ii)  described  as  follows  by  Pieters  (1901): 

"This  is  made  by  passing  four  or  five  bent  steel 

wires  through  a  piece  of  ij-inch  pipe  and  bending 

^rippH^'^A????  back  the  free  ends  to  make  hooks.    The  pipe  was 

filled  with  lead  to  make  it  heavier  and  a  rope 

fastened  through  the  loops  of  the  wires." 

3.  The  cone  dredge.  Many  organisms  are  too  small  to  be  readily 
collected  with  dip  nets  and  many  escape  when  aquatic  vegetation 
is  gathered.     These  may  be  readily  obtained  ^ 

by  this  ingenious  device  of  Professor  E.  A. 
Birge,  which  may  be  run  among  aquatic  plants 
where  the  townet  cannot  be  used. 

The  cone  dredge  (Fig.  12)  now  used  by 
Professor  Birge  consists  of  four  parts. 

A.  The  body  is  a  cylinder  of  sheet  copper 
three  inches  in  diameter  and  one  inch  deep, 
wired  at  its  lower  edge  to  form  a  Up  on  the 
outside.  A  brass  wire  bent  into  a  V  with  an 
eye  at  its  apex  is  soldered  by  its  free  ends 
inside  the  body  while  its  apex  extends  upward 

like  the  baO  of  a  pail.  ^^^Wi 

B.  A  cone  of  brass  wire  netting  of  about 

twenty  meshes  to  the  inch  fits  over  the  bail.     ^£ktL£lI!I^i-fiTw*[«i^ 
Its  base  is  soldered  to  the  body  and  its  apex       X'JiBpMfJ;„'™iSl 
to  the  eye  of  the  baU  which  projects  through       BfniT"^  '"'  ^'^ 
it.     Two  flat  loops  of  wire  soldered  to  the 
outside   of    the    body    serve    tor    the    attachment    of   cords. 

C.  The  He(  is  a  conical  bag  of  cheesecloth  eighteen  to  twenty- 
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two  inches  long  and  may,  by  altering  the  dimensions,  be  cut  out 
according  to  the  directions  given  for  the  townet.  It  should  be 
faced  with  strong  muslin  for  two  or  three  inches  at  each  end.  It 
is  tied  by  its  upper  end  over  the  flange  on  the  body. 

D.  The  screw  tip  consists  of  the  screw  top  of  a  kerosene  oil  can, 
extended  by  soldering  to  the  male  screw  a  copper  cylinder  an  inch 
and  a  quarter  long.  The  cylinder  is  wired  at  its  top  to  form  a 
projecting  flange  over  which  the  tip  of  the  net  is  tied.  The  cap 
is  weighted  by  soldering  to  it  a  lead  ring  of  about  two  ounces. 
Two  loops  of  wire  soldered  to  the  outside  of  the  screw  tip  serve  for 
the  attachment  of  cords  from  the  loops  on  the  body  and  these 
support  the  weight  of  the  screw  tip  and  take  the  strain  off  the 
net. 

This  net  may  be  readily  dragged  behind  a  boat  among  dense 
water  plants  by  means  of  a  cord  attached  to  the  eye.  The  cone 
fends  oS  the  water  plants  and  lessens  the  amount  of  debris  entering 
the  net  and  clo^ng  it.  The  net  may  also  be  thrown  from  shore 
to  a  distance  of  thirty  or  forty  feet  and  safely  hauled  back  through 
thick  vegetation.  It  may  also  be  run  at  some  depth  or  along  the 
bottom  by  attaching  a  suitable  weight  to  the  line,  two  or  three  feet 
in  front  of  the  cone. 

When  a  haul  has  been  made  the  screw  cap  is  removed  so  that 
the  contents  of  the  net  fall  into  a  cup  or  jar  of  water.  Several 
successive  hauls  may  be  united.  When  the  foreign  matter  whidh 
always  enters  the  net  has  settled  to  the  bottom  of  the  jar,  the  clear 
water  containing  the  entomostraca  is  poured  into  a  metal  funnel 
with  a  long  neck  made  of  brass  wire  gauze  of  about  forty  meshes  to 
the  inch  (Fig.  12).  The  neck,  which  serves  as  a  filter,  terminates 
in  a  tin  ring  which  is  corked.  When  the  entomostraca  have  been 
filtered  from  the  water,  the  cork  is  removed  and  the  catch  washed 
into  an  eight-dram  homeopathic  vial,  short  form,  in  which  it  is 
preserved. 

When  many  catches  from  different  localities  are  to  be  kept  sep- 
arate, Professor  Birge  uses  flat  bags,  one  by  three  inches,  made  by 
stitching  together  on  the  sewing  machine  pieces  of  India  linen. 
Before  going  into  the  field  the  bags  are  numbered  and  strung  on 
a  thread  so  that  they  may  be  pulled  off  in  order.    The  catch  is 
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poured  through  an  ordinary  tin  funnel  into  the  bags,  which  are 
then  tied  and  placed  in  the  preservative. 

An  "improved"  form  of  cone  dredge  has  been  described  by  Wol- 
cott  (1901),  who  has  worked  out  a  standard  type  of  holder  for  cone 
dredge,  dip  net,  sieve,  and  scoop.  A  folding-cone  dredge  is  sold 
under  the  nam*  simplex  plankton  net.    Its  cone  is  made  of  cloth. 

llie  plankton  pump  may  also  be  used  for  collecting  free  swim- 
mii^  forms  among  aquatic  vegetation. 

In  making  collections  along  the  margin  of  a  pond  or  stream,  or 
in  the  puddles  of  a  bog  or  half-dried  ditch,  it  is  advantageous  to 
use  a  dipper  with  a  cane  or  short  bamboo  handle.  One  may 
fasten  to  such  a  handle  a  wide-mouth  bottle,  a  dipper  with  fine 
metal  gauze  bottom,  a  pruning  hook  or  other  apparatus  for 
securing  samples  of  the  plant  or  animal  hfe  in  such  places  as  are 
somewhJat  inaccessible.  A  shallow  glass  dish  or  white  soup  plate 
is  very  useful  in  examining  immediately  refuse  obtained  from  the 
margin  or  bottom  of  such  pools.  By  some  such  means  the  heavier 
particles  of  sEind  and  silt  may  be  separated  from  the  collection 
before  it  is  preserved. 

B.  Bottom  CoUecHng 
The  dredge  that  is  commonly  used  in  deep-sea  work  is  of  little 
value  in  fresh  water  owing  to  the  relative  barrenness  of  lake  bottoms. 
The  larger  bottom  vegetation  may  be  obtained  at  any  depth  by  the 
use  of  Pieters'  grapple  already  described.  For  the  smaller  organ- 
isms that  live  in  the  superficial  ooze  of  the  bottom,  the  cone  dredge 
or  the  townet  may  be  used.  A  weight  heavy  enough  to  bring  the 
line  to  the  bottom  is  attached  to  the  towline  two  or  three  feet  in 
front  of  the  net.  The  cone  dredge  when  attached  to  a  weighted 
hne  may  be  made  to  run  along  the  bottom  by  weighting  the  screw 
tip,  but  in  that  case  it  is  well  to  fasten  a  band  of  cloth  about  the 
base  of  the  wire  cone  so  as  to  leave  only  the  upper  part  free. 
The  net,  while  admitting  water  through  the  tip  of  the  wire  cone, 
then  glides  over  the  bottom  without  scraping  up  mud.  A  townet 
mounted  on  runners,  as  shown  here  (Fig.  13),  has  been  found 
very  useful  by  the  writer  for  taking  organisms  just  above  soft 
bottom.    From  the  iron  ring  which  supports  the  mouth  of  the 
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net  four  pieces  of  half-mch  band  iron  extend  radially  for  about 
three  inches  and  then  turn  and  run  parallel  to  one  another  for  some 
distancebeyondthe  tipof  theoet.  .  ._ 

Here  they  are  bent  .inward  and 
riveted  at  the  center. 

To  collect  organisms  that  live 
in  the  bottom  it  is  necessary  to 
use  some  form  of  dredge  that  will 
bring  up  the  bottom  material. 
To  bring  up  the  superficial  ooze 
the  weight  attached  to  the  townet 
line  or  cone  dredge  Une  may  have 
the  form  of  a  rake,  or  be  other- 

,  Fid.  ti'    TowiMt   on         Flo.  14.  Tiliiulediedis 

wise  irregular,  so  that  it  stirs  up      rawiera,     doiiKd  «  u«d  by  iV  -Titer. 

°  '  i^      by  the  wtllet.   For  Fot    deacrvlun    lee 

the  ooze  and  drives  animals  from  f^'U^'^^orij^  iSphSSpM**^' 
it  to  be  caught  in  the  net.  For  '"i p'""*^''' 
animals  that  cannot  be  thus  dislodged  the  writer  has  used  a 
triangle  dredge  (Fig.  14).  This  consists  of  a  bag  of  one-fourth- 
inch  square  mesh  netting,  or  burlap,  or  other  coarse  material, 
lined  at  the  bottom  with  muslin  and  hung  from  a  wrought-iron 
frame  which  may  be  made  by  any  blacksmith.  The  frame 
consists  of  an  equilateral  triangle,  twelve  to  fifteen  inches  on 
each  side,  of  heavy  band  iron,  and  of  three  stout  iron  rods, 
one  extending  from  each  angle  of  the  triangle  at  right  angles 
to  its  surface,  to  a  distance  of  about  three  feet.  The  edge  of 
the  triangle  is  formed  into  large  saw-teeth  bent  slightly  out- 
ward so  that  they  tend  to  dig  into  the  bottom.  An  eye  at  each 
comer  serves  to  attach  a  rope  which  extends  to  the  hauling  line. 
The  rods  serve  to  keep  the  triangle  upright  when  the  net  is  drawn 
along  the  bottom,  so  that  the  mouth  of  the  bag  is  open  and  the 
teeth  plow  into  the  bottom. 

Another  useful  type  of  dredge  has  the  form  of  a  triangular  or 
quadrangular  pyramid,  whose  side  and  slant  height  are  each  about 
six  inches.  A  number  of  stout  steel  wires,  about  six  on  each  side, 
are  soldered  together  so  as  to  form  the  apex  of  the  pyramid,  while 
their  opposite  ends  are  bent  slightly  outward  beyond  its  base,  so 
that  they  project  like  the  teeth  of  a  comb.    The  framework  thus 
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fonned  is  covered  with  wire  cloth  and  the  apex  of  the*  pyramid  is 
filled  with  lead  to  the  depth  of  an  inch  and  a  half.  An  eye  at  each 
angle  serves  to  attach  a  cord.  This  dredge  is  very  effective  in 
collecting  bottom  mollusca. 

.C.  Open  Water  Collecting  —  Qualitative  Methods 
I.  The  tovmet  is  the  simplest  device  for  collecting  the  plankton 
organisms  which  abomid  in  the  open  water.  The  following  direc- 
tions for  making  a  townet  are  modified  from 
Kofoid  (1898).  The  completed  net  (Fig.  15) 
consists  of  a  conical  bag  of  India  linen  or  better 
of  silk  bolting  cloth  hung  from  a  ring  which  is  sup- 
ported by  three  cords.  The  bolting  cloth  may 
be  number  12,  16  or  20  and  is  to  be  had  from 
dealers  in  mill  supplies,  but  discarded  cloth  may 
often  be  obtained  from  flour  mills.  Before  cut- 
ting the  cloth  should  be  shrunk  by  boiling  in 
soapsuds  and  then  pressed.  A  pattern  for  cutting 
two  nets  twelve  inches  in  diameter  from  a  yard 
.or drawling"!;"  °^  forty-inch  wide  bolting  cloth  is  given  (Fig.  16). 
""^".^to  tSp'of^  "^^^  cloth  has  been  doubled  lengthwise  (with  the 
^'  n^idsidl™  warp)  and  is  shown  with  the  fold  at  the  right  and 
^**'->  the  two  free  edges  at  the  left.    With  a  radius  equal 

to  the  length  of  the  doth  two  arcs  are  struck  from  the  points  a 
and  b  as  centers.  These  arcs,  which  form  the  tops  of  the  completed 
nets,  must  be  equal  in  length  to  one-half  the  circumference  of  the 
net  hoop  and  these  lengths  may  be  most  readily  determined  by 
rolling  the  net  ring  along  the  arcs.  An  additional  width  must  be 
allowed  on  the  piece  d,  since  this  is  in  two  parts  and  has  two 
seams.  This  is  accomplished  by  cutting  the  two  pieces  apart 
along  the  line  ab  a  quarter  of  an  inch  to  the  right  of  the  diagonal. 
The  pieces  are  then  formed  into  cones  and  closed  by  a  French 
seam  along  the  side  and  by  the  seam  across  the  apes.  The  top 
of  the  net  is  finished  by  sewing  on  a  band  made  of  a  doubled 
strip  of  butcher's  linen,  cut  bias  and  provided  with  a  heavy  cord 
sewed  into  its  upper  margin.  The  net  is  attached  to  the  ring 
by  over-cast  stitches  of  heavy  thread.     The  ring  r  (Fig.  15)  of 
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No.  5  ^ring  brass  wire,  standard  American  gage,  has  three  pairs 
of  wire  rings  A  soldered  on  it  at  equal  distances  to  hold  the 
drawlines  dl  in  place. '  To  the  drawlines  at 
their  junction  a  short  cord  wl  may  be  attached 
for  the  support  of  a  weight. 

If  the  net  is  used  in  this  form  the  catch 
must  be  removed  from  it  by  turning  it  inside 
out  and  sousing  the  tip  in  a  bottle  of  water. 
It  is  more  convenient  to  cut  off  the  tip  of 
the  net  along  the  line  ij  and  tie  into  it  a 
screw  tip  like  that  described  below  for  the 
cone  dredge,  but  without  the  weight.  A  short 
glass  tube  closed  by  a  rubber  stopper  or  a 
bucket  like  that  of  the  plankton  net  may  be 
used  in  place  of  the  screw  tip.  Provided  with 
a  bucket  the  net  is  identical  with  the  plankton 
net  except  that  it  lacks  the  canvas  cone. 

The  townet  may  be  dragged  behind  a  boat 
either  at  the  surface  or  submerged  to  any  depth 
by  means  of  a  weight  attached  to  the  weight 
line.  When  the  haul  is  completed  the  net  is 
soused  in  the  water  or  water  is  thrown  on  its  outer  surface,  until 
the  contents  are  washed  to  the  tip  of  the  net,  which  is  then  turned 
inside  out  and  the  contents  obtained  by  rinsing  the  tip  in  a  bottle 
of  water,  or  allowing  them  to  fall  into  preserving  fluid.  The  pro- 
cedure for  a  net  provided  with  a  bucket  is  described  under  the 
plankton  net  and  cone  dredge. 

2.  Plankton  Cylinders.  Various  forms  of  apparatus  have  been 
deigned  for  collecting  plankton  from  a  rapidly  moving  boat.  These 
are  made  with  a  very  small  opening  for  the  entrance  of  water  and 
with  a  large  filtering  surface.  They  are  designed  to  reduce  the 
pressure  of  the  water  on  the  filtering  surface.  They  are  described 
by  Steuer  and  others.  They  are  chiefly  of  use  in  the  sea  or  in 
other  situations  accessible  only  to  large  vessels  and  are  little  em- 
ployed in  fresh  water.  The  plankton  cylinder  is  one  form  of  such 
a[^ratus  in  which  a  torpedo-shaped  metal  jacket  admits  water 
through  a  small  opening  on  its  conical  end  and  carries  the  Altering 
gauze  in  the  mterior  or  on  its  other  end. 


y  wbkb  tbe  bottom  of  Ibe 
_et  u  c\ated  il  w  bucket  b 
■IticboKwFte.iI).  Ik. 
Sat  dl  aCtubnent  othacict. 
',  line  ikHH  wbicb  net  a 
L  oB  wben  bucket  ii  used. 
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D.'  Quanlilalive  Methods  in  Open  Water 
1.  The  Quantitative  Plankton  Net.  The  plankton  net  and  pump 
are  intended  for  the  collection  of  plankton  for  quantitative  inves- 
tigations. The  plankton  net  differs  from  the  townet  described 
in  tliat  its  rim  extends  upward  into  a  truncated  cone  of  canvas 
(Fig.  17),  and  that  it  is  provided  with  a  removable  bucket. 

The  canvas  cone  hinders  bottom  ooze  from  entering  the  net  and 
also  hinders  the  slopping  out  of  the  cootents  as  the  net  is  drawn 
above  the  surface.  It  serves  further  to  lessen  the  diameter  of  the 
net  opening,  so  that  a  larger  fraction  of  the  column  of  water  above 
the  net  opening  is  filtered  and  less  of  it  is  pushed  aside  by  the 
resistance  of  the  filtering  gauze. 

The  plankton  net  (Fig.  17)  in  use  at  the  University  of  Wisconsin 
is  here  first  described  with  the  permission  of  Professor  Birge.    The 
ring  which  supports  the  net  is  about 
seven  inches  in  diameter  and  from  this 
measurement  the  other  dimensions  of 
the  apparatus  may  be  roughly  measured 
on  the  figure.    The  canvas  cone  stretches 
from  the  net  ring  to  an  upper  ring  and 
both  rings  are  of  one-eighth-inch  sprii^ 
brass  wire.     Three  eight-shaped  pieces 
of  lighter  wire  are  stnmg  on  each  ring 
through  one  opening,  while  the  other 
opening  receives  the  eyes  on  the  ends 
of  three  connecting  rods  which  hold  the 
two  rings  together.     The  upper  support- 
ing ring  has  three  brass  rings  soldered  to 
it  for  the  attachment  of  the  draw  lines. 
The  canvas  cone  and  the  band,  which 
is  ordinarily  sewn  to  the  top  of  the  net, 
P.O.  ■!.   wb<i«.h.  pknkio.  1^.  are  in  this  case  cut  from  one  piece  of 
m  *Sln^*?^Hi^Bi.^'  shrunken  canvas.    This  is  sewn  around 
the  upper  supporting  ring  and  is  attached 
to  the  inside  of  the  lower  ring  by  means  of  a  tape  sewn  to  its  out- 
side.   The  bolting  cloth  net  (No.  16  or  No.  ao  doth)  is  sewn  to 
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the  inside  of  the  band,  with  its  margin  turned  back  over  its  outer 
surface  for  the  fraction  of  an  inch.  By  this  construction  the  canvas 
cone  folds  conveniently  for  transportation,  while  the  inner  surfaces 
of  cone  and  net  are  continuous  and  smooth,  so  that  plankton 
organisms  do  not  readily  lodge 
on  them.  If  convenience  in 
transportation  is  not  important 
the  cone  may  be  better  made 
of  sheet  brass. 

The  oripnal  feature  of  this  ''^p£;t^^*^^.iS6i^  A.-,iMi,™ 
net  is  the  bucket  (Figs.  i8  and  S^'tiS^'^tfef.SSLJ'p'E^^S?^^^)'^ 
19),  which  is  made  of  telescope 

tubing  of  two  sizes.     The  smaller  size  (two  inches  in  internal 
diameter)  is  used  to  make  the  headpiece  shown  attached  to  the  net 
in  Fig.  17.     This  (Fig.  iq,  a)  is  one 
and  three  eighths  inches  long  and  is 
I  fastened  to  the  net  by  means  of  a 
brass  band  clamp  (Fig.  19,  6)  made  of 
j  two  pieces,  with  wings  at  the  ends 
through  which  pass  clamp  screws. 
A  pin  soldered  into   the  headpiece 
fits  a  hole  in  each  half  of  the  clamp 
and  prevents  its  turning  when  the 
bucket  is  twisted  to  remove  it  (seen 
near  the  upper  margin  of  Fig.  19,  a). 
Three  brass  rings  soldered  to  the  out- 
side of  the  band  clamp  serve  to  attach 
cords  which  extend  to  the  lower  sup- 
,™.™  ~^  o,  «™p«=i  .    porting  ring  of  the  canvas  cone  and 
Srti^'^^'i'^Sa?  carry  the  weight  of  the  bucket. 

The  bucket  (Fig.  18)  is  made  of  tele- 
<.atiJt'3  scope  tubing  of  a  aze  which  fits  over 
\b^^,^^\°'*"*'  that  used  for  the  headpiece.  Pieces 
are  cut  from  the  ades  of  this  so  as 
to  form  four  windows  separated  by  strips  about  one-half  inch  wide. 
These  strips  are  strengthened  by  soldering  to  the  inside  of  each  a 
semi-cylindrical  rod  about  one-quarter  inch  in  diameter  (Fig.  19,  A). 


impel  bunt  dimip^  /.  ooe  ol  tt 
tUmpa  with  jcrewi;  (.  sick  rliunp  i 
tion:  k.  aenii.cy1iiKbi(aJ  nxl  nliir 
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The  bottom  of  the  bucket  which  is  conical  and  ends  in  a  tapering 
spout  is  shrunk  into  place  flush  with  the  lower  edge  of  the  windows, 
after  heating  the  bucket  in  a  jet  of  steam.  A  taper  plug  of  brass, 
with  a  long  stem  (Fig.  19,  t)  which  ends  in  a  milled  head,  is 
inserted  from  within  and  closes  the  spout.  Hie  edge  of  the 
bucket  has  an  L-shaped  incision  which  receives  a  pin  soldered 
to  the  outside  of  the  headpiece  so  as  to  form  a  bayonet  catch 
which  holds  the  bucket  in  place  on  the  headpiece.  The  four 
windows  in  the  bucket  are  closed  by  a  single  piece  of  bolting 
cloth,  held  in  place  by  a  band  clamp  at  top  and  bottom  (Fig.  tg 
d,  e)  and  by  four  side  clamps  gg  screwed  between  the  windows. 
The  holes  for  the  screws  are  conveniently  burned  through  the 
bolting  cloth  with  a  hot  wire. 

A  cheaper  bucket  described  by  Kofoid  (189S)  is  shown  in  section 
in  F^.  30.    It  is  a  cylinder  of  sheet  copper  around  the  top  of  which 
are  soldered  two  light-wire  rings,  which  serve  to 
hold  in  place  the  string  s,  which  ties  the  tip  of  the 
net  to  the  bucket.    In  the  sides  of  the  cylinder  are 
cut  three  equidistant  windows,  each  one  and  one- 
L    FTJ     I        half  by  one  and  three-quarters  inches,  which  are 
I    If?^         closed  by  brass  wire  gauze  wg,  soldered  to  the 
^  edges.     Gauze  cont^ning  two  hundred  meshes 

:  per  linear  inch  answers  very  well  for  these  win- 
,^ ,  _  __  J  dows.    The  bottom  of  the  bucket  is  a  cone  of 

which  lip  0I  n«1  13  tied     ~^cx  -----    —    -       -  -^  ^^ 

tbe'tw'''iri!f  rilS™J!  '^^°  ^  short,  obliquely-pointcd  tube  /.  The  open- 
}M'"mSSS°'bSJ£«l  ing  is  closed  by  a  rubber  stopper  with  a  wire 
S'l™  iSHrind^  handle  which  extends  above  the  top  of  the  bucket 

cut  in  gida  of  bucket.  ,  .     .        .    ■  ■ 

Thenibberitopperwith    and  IS  Dent  mtO  a  lOOP. 

wire  hAOdLe  a  Ken  at  ^^  .  i   1.1  ■ 

™^oibuckt«.  <Mta      The  net  is  constructed  like  the  townet,  except 
that  the  tip  is  cut  off  at  the  point  ij  (Fig.  i6) 
and  the  silk  slit  along  the  dotted  lines  between  gh  and  ij  to 
allow  for  the  fitting  and  fastening  of  the  bucket  in  place. 

The  plankton  net  is  drawn  from  the  bottom  to  the  surface, 
and  the  organisms  that  have  been  caught  in  it  are  washed  into 
the  bucket  by  throwing  water  onto  the  outside  of  the  net,  or  by 
sousing  it  in  the  water.    The  net  is  then  lifted  above  the  water, 
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the  bucket  removed,  and  the  water  allowed  to  drain  from  it. 
When  only  so  much  water  -  remains  as  tills  the  conical  bottom 
of  the  bucket,  the  stopper  is  drawn  and  the  contents  allowed  to 
fall  into  a  suitable  container.  Organisms  adhering  to  the  inside 
of  the  bucket  are  then  rinsed  into  the  container  with  a  little  filtered 
or  distilled  water  from  a  wash  bottle.  If  the  contents  are  to  be 
preserved  they  may  be  allowed  to  fall  directly  into  a  bottle 
which  contains  the  preservative  or  fijdng  fluid,  so  concentrated 
that  the  addition  of  the  plankton  brings  it  to  its  normal  consti- 
tution. Ninety-five  per  cent  alcohol  may  be  Used  and  in  that 
case  the  plankton  may  be  allowed  to  fall  from  the  bucket  into 
about  three  times  its  own  volume  of  alcohol,  so  that  it  is  preserved 
in  alcohol  of  about  70  per  cent  strength. 

If  it  is  desired  to  use  a  firing  fluid  before  preservation  in  alcohol, 
the  stronger  picrosulphuric  add  may  be  diluted  with  two  volumes 
of  water  and  three  volumes  of  this  may  be  used  to  one  of  plankton, 
so  that  the  latter  is  fixed  in  Kleioenberg's  solution.  Other  fluids 
may  be  used  in  like  manner,  adapted  either  to  the  plankton  as  a 
whole,  or  to  special  groups  of  plankton  organisms.  The  plankton 
is  then  best  caught  in  a  strainer  made  by  removing  the  bottom  of 
a  short  eight-dram  homeopathic  vial  and  tying  bolting  cloth  over 
the  neck  (Fig.  18).  The  plankton  may  be  kept  in  this  strainer 
by  tying  bolting  cloth  over  the  bottom,  and  the  strainer  may 
then  be  passed  through  fixing  fluids  and  grades  of  alcohol.  The 
fluids  may  be  made  to  enter  the  strainer  by  withdrawing  the  air 
by  means  of  a  pipette  held  against  the  bolting  cloth  (Reighard, 
1894). 

Plankton  nets  may  be  made  closable  and  various  devices  have 
been  used  for  this  purpose  (e.g.,  by  Marsh,  1897).  Such  a  net  may 
be  lowered,  drawn  upward  any  desired  distance,  then  closed  and 
drawn  to  the  surface.  It  thus  filters  only  that  part  of  the  column 
of  water  through  which  it  is  drawn  while  open,  and  aids  the  inves- 
tigator to  determine  what  forms  occur  at  various  depths. 

Although  the  plankton  net  may  seem  to  filter  a  vertical  colimm 
of  water,  the  base  of  which  is  equal  in  area  to  the  net  opening, 
it  does  not  -in  practice  do  this.  The  resistance  of  the  net  gauze 
causes  a  certain  part  of  this  column  to  be  pushed  aside.     The  part 
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pushed  aside  not  only  is  greater  as  the  net  moves  faster  but  is 
increased  as  the  net  becomes  clogged  and  is  therefore  greater 
toward  the  end  of  the  haul  than  at  its  beginning.  The  filtering 
capacity  of  the  net  gauze  is  further  liable  to  change  with  age,  as 
its  pores  clog  and  its  threads  loosen  and  tend  to  obstruct  the 
openings.  Although  elaborate  methods  have  been  devised  for 
determining  the  errors  of  the  plankton  net,  no  one  of  them  is  satis- 
factory. 

3.  The  Plankton  Pump.  The  difBculties  encountered  in  the  use 
of  the  plankton  net  for  accurate  quantitative  work  have  led  to  the 
development  of  the  plankton  pump,  which  is  now  largely  used  in 
conjunction  with  the  ordinary  plankton  net  and  which,  used  in  that 
connection,  has  nearly  displaced  the  closable  plankton  net  (Birge, 
1895;  Marsh,  1897)  in  fresh  water.  This  may  be  any  pump  which 
delivers  at  each  stroke  a  known  and  constant  volume  of  water. 
The  water  is  drawn  through  a  hose  which  extends  from  the  pump 
to  any  desired  depth  and  may  terminate  in  a  metal  cone,  closed 
by  very  coarse  wire  netting,  which  serves  to  exclude  foreign  bodies 
from  the  hose.  From  the  pump  the  water  may  be  conveniently 
delivered  through  a  shorter  hose  to  some  device  for  filtering  the 
plankton  from  it.  For  this  purpose  a  plankton  net  is  used.  The 
net  may  be  suspended  in  air  and  the  water  pumped  into  it,  but 
some  small  organisms  are  thus  forced  through  the  net  gauze  and 
lost,  and  others  are  doubtless  injured  by  the  impact  of  the  stream 
of  water  and  the  weight  of  the  water  in  the  net.  This  is  avoided 
if  the  net  be  held  under  water  with  only  the  canvas  cone  above 
the  surface.  The  whole  operation  may  be  readily  carried  out  by 
one  person  if  the  net  be  supported  in  the  water  by  a  wooden 
float  surrounding  the  cone  (Fig.  23)  and  the  delivery  hose  be 
attached  to  the  net  (Kofoid,  1897).  When  sufficient  water  has 
been  pumped,  the  net  is  taken  up  and  the  catch  removed  and 
treated  in  the  usual  way. 

The  end  of  the  suction  hose  may  be  allowed  to  remain  at  any 
desired  depth  during  the  pumping.  The  pump  is  calibrated  so 
that  the  volume  of  water  delivered  at  each  stroke  is  known.  The 
number  of  strokes  made  during  any  haul  is  counted,  so  that  a 
simple  calculation  gives  the  total  volume  of  water  pumped. 
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The  end  of  the  hose  may  also  be  lowered  to  near  the  bottom  and 
may  then,  while  piunping  is  in  progress,  be  slowly  drawn  upward  at 
a  uniform  rate.  In  this  way  is  pumped  a  vertical  column  of  water 
which  extends  from  the  bottom  to  the  surface,  and  the  volume  of 
such  a  column  may  be  calculated. 

The  following  forms  of  plankton  pump  may  be  referred  to 
briefly. 

(a)  Fordyce  pump  (Fordyce,  1898).  This  invention  of  Professors 
Ward  and  Fordyce  is  shown  in  perspective  (Fig.  31)  and  in  sec- 
tion (Fig.  22).    It  "is  practically  a  force  pump.  .  .  .  The  cylinder 


Pio.ti.   Fotdrct't pnmp uvt 
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of  the  piunp  is  eleven  by  three  and  one-half  inches  and  has  a  (Rapacity 
347^  cubic  inches  per  stroke.  The  stroke  of  the  piston  is  definite 
in  length  and  is  regulated  by  a  lock  nut  as  shown  in  the  plate.  The 
valves  used  are  finely-ground  check  valves,  to  which  it  is  believed 
the  accuracy  of  the  working  of  the  apparatus  is  largely  due.  The 
pump  is  connected  with  the  water  by  a  hose  one  and  one-half 
indies  in  diameter,  whose  lower  end  is  adjusted  to  the  various  ver- 
tical zones  of  water  by  means  of  attachment  to  a  floating  block." 
For  filtering  the  water  Fordyce  uses  the  device  shown  in  Fig,  21, 
at  the  left  of  the  piunp.  This  is  ^milar  to  the  device  already  de- 
scribed in  connection  .with  the  Wisconsin  plankton  net,  and  is  used 
in  the  same  way.  It  is  provided  with  a  rim  to  which  a  cover  of 
wire  netting  may  be  attached  to  exclude  foreign  matter.    A  net 
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of  bolting  cloth  may  be  attached  outside  the  wire  gauze  filter,  and 
the  whole  instrument  is  then  adapted  for  the  various  work  of  the 
ordinary  net. 

On  account  of  its  cheapness  and  portability  a  pump  of  this  form 
is  probably  best  adapted  for  work  not  carried  on  from  a  station 
especially  equi[q>ed  for  aquatic  biology. 

{b)  The  clock  pump  has  been  used  for  some  years  at  the  Uni- 
versity of  Wisconsin  (Juday,  1904).  At  Wisconsin  the  pump  is 
fixed  to  the  bottom  of  the  boat  and  the  water,  drawn  through 
a  half-inch  garden  hose,  is  pumped  into  a  submerged  plankton 
net  of  No.  ao  bolting  cloth. 


Pio.  1].    Thtaber  Ani-fiarap  m  use,     ttt  •rats  leacbe*  lie  purop  throuch  Ifce  bmc  at  Ibe  Idt  ud  ii 
delrvered  to  tbe  net  tbrough  the  hOK  at  the  HfhL    The  act  cone  is  Ken  lupportcd  by  a  nctuuular 

•oodeoBut.    (Afttr  Koloid.) 

(c)  The  thresher  tank-pump,  a  double-acting  force  pump  with 
two  cylinders  each  six  by  nine  inches,  has  been  used  by  Kofoid 
(1897).  The  mode  of  using  the  pump  is  shown  (Fig,  23),  This 
piunp  is  fastened  to  the  boat  and  is  too  heavy  to  be  carried  or 
to  be  used  apart  from  a  permanent  mounting. 

3.  The  Water  Bottle.  To  obtain  small  samples  of  water  for  the 
study  of  the  nannopknkton  a  water  bottle  may  be  used.  Many 
complicated  and  expen^ve  forms  of  these  bottles  have  been  devised 
(see  Helland-Hansen)  for  use  at  all  depths  in  the  sea.  Tlie  bottle 
described  by  Theiler  appears  to  be  the  simplest  and  least  expensive 
of  them.  For  use  in  fresfa  water  a  Meyer's  bottle  (Fig.  24)  serves 
fairly  well  and  is  easily  made.     A  stout  glass  bottle  of  one  or 
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two  liters  capacity,  and  with  a  good-sized  neck  is  provided  with  a 
tight  rubber  stopper  to  which  is  attached  the  draw-cord  by  which 
the  bottle  is  to  be  lowered  and  the  stopper  drawn.  Beneath  the 
bottle  is  attached  a  weight  a  little  heavier  than  needed  to  sub- 
merge the  empty  stoppered  bottle.  The  bottle  may  be  lowered 
to  a  depth  of  a  hundred  feet  or  less  and  the  stopper  removed 
by  jerking  on  the  draw-coid. 

E.  Quantitative  Study  of  ike  Net  Plankton 
If  the  plankton  net  were  a  perfect  instrument  it  should  catch 
all  the  organisms  contained  in  the  vertical  column  of  water  through 
which  it  is  drawn,  that  is,  in  a  column  of  the  diameter  of  the  net 
opening  and  equal  in  height  to  the  distance  through  which  the 
net  is  drawn.    But  the  net  filters  only  a  part  of  the  column  of 
water  through  which  it  is  drawn,  a  part  which  depends  on  the  age 
of  the  net,  the  rate  at  which  it  b  drawn  and  upon 
the  rapidity  with  which  it  becomes  clogged  while 
bdng  drawn.    If  the  net  is  of  the  form  described 
above,  is  cleansed  by  throwing  a  stream  of  water  on 
it  after  each  haul  and  is  drawn  at  about  the  rate 
of  one  meter  per  second,  it  filters  about  40  per  cent 
of  the  column  of  water  which  it  traverses.    Hence, 
^o  know  the  total  amount  of  planktdn  in  the  column 
of  water  traversed  by  the  net,  we  must  multiply  the 
amount  actually  taken  by  two  and  one-half.     This 
number  is  called  the  coefficient  of  the  net.     The 
coefficient  depends  on  the  construction  of  the  net, 
on  the  fineness  of  the  gauze  used,  and  on  the  rate 
at  which  the  net  is  drawn,  and  must  therefore  be 
determined    by  calculation  for  each   net   for    the 
different  rates.    Not  only  does  the  net  filter  but  a 
part  of  the  water  and  a  different  part  at  different 
times,  but  it  removes  from  the  water  filtered  only    bouia.  tli^ 
a  part  of  the  organisms  contained  m  it.    Even  the 
finest  gauze  permits  a  leakage  through  it  of  very  many  small 
organisms.    Owing  to   the  sources  of  error  indicated   the  net 
method  is  useful  chiefly  with  the  larger  organisms,  such  as  crus- 
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tacea.  Smaller  organisms  escape  in  variable  quantity  and  the 
smallest  are  not  caught  at  all.  When  the  pump  is  used  a  known 
volume  of  water  is  drawn  from  a  known  source  and  all  of  this  is 
filtered,  so  that  the  source  of  error  arising  from  a  varying  and 
tmcertain  net  coefficient  is  eliminated.  The  leakage  error  remains 
imcorrected  so  long  as  a  net  is  used  to  separate  the 
plankton  from  the  water.  The  plankton  obtained 
by  nets  whether  directly  or  by  aid  of  the  pump 
may  be  treated  quantitatively  by  the  following 
methods: 

(a)  The  volume  may  be  obtained  by  allowing  the 
alcoholic  material  to  stand  for  34  hours  in  gradu- 
ated tubes  (carbon  tubes  of  the  chemist)  until  it  has 
settled,  when  the  volume  may  be  read  off.    There 
is  thus  obtained  in  cubic  centimeters  the  volume  of 
'^1£teS°by'lfcS!  one  catch  and  from  this  may  be  calculated  the  vol- 
!^  h^iSir^-  ume  per  cubic  meter  or  under  one  square  meter  of 
•tnoifiaM tube.  In-  the  onginal  water. 

^m^uj^^       (6)"  The  approximate  ivetght  may  be  obtained  by 

wl^^^J'i^  drying  the  sample  on  filter  paper  and  weighing  it. 

The  net  weight  is  obtained  by  deducting  the  weight 

of  the  filter  paper,  and  from  this  the  number  of 

ipbS?^  a^itm  grams  of  plankton  per  cubic  meter  of  water  or  under 

uTO  /.  pBUm-nxi  one  square  meter  of  surface  may  be  calculated. 

oivMSr^™Ap-       (c)  Chemical  analyses  may  be  made  of  the  dried 

material  and   from  these  the  quantities  of  the 

various  constituents:  ash,  organic  material,  silica,  etc.,  may  be 

calculated  per  cubic  meter  of  water  or  per  square  meter  of 

surface. 

(d)  The  organisms  may  be  counted  in  the  Sedgwick-Rafter  cell. 
The  ordinary  plankton  catch  is  so  concentrated  that  it  is  impos- 
sible to  count  the  organisms  in  it  until  it  has  been  diluted.  A 
measured  quantity  of  water  added  to  the  plankton  for  this  pur- 
pose replaces  the  alcohol  or  fixing  fluid.  This  water  is  then  agitated 
to  distribute  the  organisms  uniformly  through  it  and  a  carefully 
measured  sample  is  taken  from  it  with  a  specially  constructed  pipette 
provided  with  a  piston  (Fig.  25).    The  organisms  in  the  sample  are 
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then  counted  by  transferring  the  sample  to  a  glass  cell  under  the 
microscope.  If  the  bottom  of  the  cell  is  ruled  in  squares  the 
contents  of  a  certain  number  of  these  may  be  counted  without 
the  use  of  the  eyepiece  micrometer  and  the  whole  number  present 
in  the  cell  estimated.  In  the  case  of  the  larger  and  rarer  organisms 
it  is  best  to  count  all  that  the  cell  contains. 

Since  the  total  volume  of  water  from  which  the  catch  was  made 
is  known,  the  number  of  each  sort  of  organism  per  cubic  meter  of 
water  or  under  each  square  meter  of  surface  may  be  ea^y  calcu- 
lated, or  the  numbers  in  the  entire  lake  may  he  approximately 
determined. 

F.  QuaTtUtative  Study  of  the  Nannoplanhton* 
The  nannoplankton  may  be  studied  in  two  ways,  namely,  by 
enumerating  the  various  organisms,  or  by  obtaining  a  sufficient 
quantity  to  determine  its  dry  weight.  In  the  former  method  the 
onanisms  may  be  counted  directly,  which  is  very  desirable  for 
the  more  abundant  forms,  or  they  may  be  concentrated  either  by 
filtering  or  by  centrifugmg.  The  filters  that  are  most  generally 
used  for  concentration  are  hard  surface  filter  paper  and  sand. 
When  filter  paper  is  used  the  filtered  organisms  are  carefully 
washed  from  the  paper,  the  volume  of  the  wash  water  containing 
the  organisms  is  taken,  and  samples  of  it  are  then  used  for  enumera- 
tion. It  is  necessary  to  use  hard  surface  filter  paper  in  order  to 
prevent  undue  loss  of  organisms  in  the  meshes  of  the  paper.  Even 
with  the  best  quality  of  hard  surface  paper,  many  individuals  become 
embedded  in  Uie  meshes  so  frmly  that  they  cannot  be  washed  out. 
For  all  counting  the  Sedgwick-Rafter  counting  cell  is  to  be  used. 

The  Sedgwick-Rafter  sand  filter  as  described  by  Whipple  has 
been  used  extensively  in  sanitary  work.  In  this  method  also  there 
is  a  considerable  toss  of  organisms  since  some  of  them  are  so  small 
that  they  pass  between  the  grains  of  sand  and  since  it  is  practically 
impossible  to  separate  all  of  the  organisms  from  the  sand  after 
filtration.  In  all  filtering  methods  the  filters  soon  become  clogged, 
which  decreases  the  rapidity  of  the  filtering  very  markedly. 

*  This  ttcxitm  has  been  prepared  by  Cbancey  Juday  of  the  Wisconsin  Geological 
•ad  Natuial  Histoiy  Survey. 
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The  centrifuge  is  the  most  convenient  as  well  as  the  most  ef- 
ficient instrument  for  obtaining  the  nannoplankton.  A  rather 
high  speed  machine  is  best,  one  which  makes  2500  or  more  revo- 
lutions per  minute,  and  the  electrically  driven  type  is  most  satis- 
factory. For  most  fresh-water  organisms  the  sedimentation  is 
complete  in  five  to  eight  minutes  at  this  speed,  but  occaaonally 
for  some  forms  a  second  rentrifuging  is  necessary.  In  bodies  of 
fresh  water  the  nannoplankton  is  usually  so  abundant  that  only  a 
small  quantity  of  water,  not  more  than  15  cc,  is  required  for  a 
sample.  Thus  the  standard  makes  of  centrifuges  will  serve  for 
such  investigations.  The  glass  tube  which  holds  the  sample  of  water 
should  be  well  tapered  at  the  bottom.  This  form  concentrates  the 
materia]  on  a  small  area  from  which  it  can  be  removed  more  con- 
veniently as  well  as  more  completely.  The  material  is  taken  up 
t<^ether  with  one  cubic  centimeter  of  water  in  a  long  pipette  and 
is  then  transferred  to  a  Sedgwick-Rafter  counting  cell.  This  cell 
and  its  use  are  fully  described  by  Whipple.  Sometimes  it  is  de~ 
sirable  to  centrifuge  50  or  even  100  cc.  in  order  to  study  the  rarer 
forms.  For  enumeration  studies  a  combination  of  the  direct  count- 
ing and  the  centrifuge  methods  gives  the  most  satisfactory  results. 

Whenever  possible,  living  material  should  be  used  for  the  count- 
ing. The  samples  may  be  preserved  in  formaldehyde  neutralized 
with  sodium  carbonate  and  then  centrifuged  at  a  later  time,  but 
some  of  the  monads  are  recognized  with  difficulty  after  preserva- 
tion. Most  of  the  flagellates  do  not  move  rapidly  enough  to 
offer  any  serious  difficulty  in  counting  them  alive  but  the  ciUates 
do.  When  the  latter  are  present,  it  is  best  to  make  a  special  count 
for  them.  They  are  readily  killed  by  placing  a  drqj  of  iodine 
solution  in  the  comer  of  the  counting  cell  before  the  sample  is  in- 
troduced. 

Material  for  a  study  of  the  dry  weight  as  well  as  the  organic 
matter  of  the  nannoplankton  may  be  obtained  either  by  filtering 
a  relatively  small  sample  of  water  through  a  coarse-grained  alundum 
cone  or  by  passing  a  large  sample  of  water  through  a  power  centri- 
fuge that  acts  continuously.  In  the  former  process  the  sample  of 
water,  from  one  to  five  liters,  is  filtered  through  the  cone  and  the 
material  and  cone  are  then  thoroughly  dried  in  an  oven.    The 
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weight  is  taken  and  the  cone  is  weighed  again  after  having  been 
ignited.    The  loss  in  weight  represents  the  organic  matter. 

Larger  samples  of  material  are  needed  for  more  accura*te  quan- 
titative work,  and  especially  for  the  study  of  the  chemical  com- 
position of  the  nannoplankton.  For  the  latter  purpose  at  least 
two  or  three  grams  of  organic  matter  are  required.  la  order  to 
secure  this  amount,  even  from  a  lake  which  is  rich  in  plankton,  it 
is  necessary  to  centrifuge  one  to  two  thousand  liters  of  water. 
This  process  requires  an  apparatus  .  that  will  act  continuously. 
For  this  work  the  Wiscon^n  Geological  and  Natural  History 
Survey  is  u^g  a  De  Laval  clarifier  and  filter,  belt  style,  A  size, 
in  which  the  water  is  first  centrifuged  and  then  filtered.  This 
machine  has  a  maximum  ^>eed  of  6000  revolurions  per  minute  and 
will  both  centrifuge  and  filter  from  ten  to  twelve  liters  per  minute. 
In  general  about  ninety  per  cent  of  the  material  is  deposited  in  the 
bowl  of  the  centrifuge  and  ten  per  cent  on  the  filter  papers.  This 
method  requires  a  special  laboratory  and  equipment  (cf.  Juday, 
19 16). 

Very  little  is  known  of  the  bacterial  portion  of  the  nannoplank- 
ton. The  culture  methods  used  for  the  other  bacteria  do  not  seem 
to  be  well  adapted  to  the  strictly  aquatic  forms  and  only  a  small 
part  of  them  can  be  obtained  with  a  (xntrifuge.  Recently,  how- 
ever, it  has  been  found  that  the  direct  count  method  of  Brew  can 
be  used  for  determining  the  number  and  distribution  of  aquaric 
bacteria,  but  no  results  have  thus  far  been  published. 

G.  Special  Methods  for  Invertebrates 
Special  methods  for  collecting  and  preserving  various  sorts  of 
fresh-water  organisms  are  described  in  the  chapters  devoted  to 
invertebrate  groups.  To  secure  the  best  results  it  is  necessary 
to  become  familiar  with  the  habits  of  the  animals.  The  collection 
of  the  larvfe  of  aquatic  insects  is  facilitated  by  the  use  of  the 
ingenious  apparatus  made  by  the  Simplex  Net  Company.  The 
images  of  many  such  insects  are  readily  collected  at  night  by 
some  one  of  the  forms  of  traps  used  by  entomologists  in  which 
a  light  serves  as  a  lure. 
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Under-watek  Photography 
If  the  water  is  clear  and  the  surface  unruffled,  near  objects  may 
be  seen  almost  as  clearly  in  natural  waters  as  in  air.  If  the 
camera  be  pointed  at  them,  the  resulting  picture  rarely  shows  more 
than  the  surface  of  the  water,  as  opaque  as  that  of  milk  and  with  as 
tittle  visible  beneath  it.  It  is  as  though  the  camera  has  been  pointed 
at  the  blue  sky.  This  result  is  due  to  the  light  of  the  sky  and  other 
distant  objects  reflected  from  the  surface  of  the  water  into  the 
camera.  This  strong  light,  which  the  eye  neglects,  obscures  in  the 
negative  the  effects  of  the  weaker  light  from  objects  beneath  the 


a  under  mtw.    Poc  dcsciiptlini  h  tot. 

surface  of  the  water;  if  it  be  cut  off  by  a  screen  these  objects  may 
be  photographed. 

This  is  shown  (Fig.  26)  in  a  photograph  of  the  nest  of  a  black  bass 
in  about  eight  inches  of  water.  Little  can  be  seen  beneath  the 
water,  except  within  the  reflected  image  of  the  screen.  Within 
this  image  the  reflected  sky  light  is  cut  off,  although  the  sun  shines 
from  the  left  full  upon  the  nest  of  clean  stones.  What  is  clear  in 
the  photograph  hes  not  within  the  shadow  of  the  screen  but  within 
its  image.  A  longer  exposure  would  have  given  a  clear  picture  of 
what  lies  within  the  .narrow  shadow  at  the  bottom  of  the  screen. 
In  fleld  practice  a  serviceable  and  portable  screen  may  be  made  by 
tying  a  square  of  black,  opaque  cloth  to  two  poles  stuck  slanting 
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in  the  bottom.  Occasionally  dense  foliage,  a  brieve  or  building  is 
so  placed  as  to  form  a  natural  screen,  within  the  image  of  which 
photography  is  possible. 

If  the  surface  of  the  water  is  rough  the  photograph  may  be 
made  through  the  bottom  of  a  water  glass  (Fig.  27).    The  glass 

(Fig.  28)  is  a  frame  of  galvanized  — — 

iron  with  a  bottom  of  plate  glass. 
■  The  bail  of  band  iron  serves  to 
hold  the  screen  (Fig.  27).  The 
glass  shown  here  is  two  feet  square 
and  is  supported  on  legs  run 
through  thimbles  at  the  comers 
and  held  in  place  by  set  screws. 
That  shown  in  Figure  28  is  a 
foot  square  and  is  intended  to 
float.  At  the  left  b  shown  a 
cover  for  the  bottom  of  the  water 
glass.  This  protects  the  glass 
during  transit. 

The  difficulties  arising  from  the 
rough  or  reflecting  surface  of  the 
water  may  be  overcome  by  placing 

the  camera  beneath  that  surface.      .-^ .-.  t  ^--  -v, 

For  this  purpose  a  reflecting  camera 

is  to  be  preferred,  since  it  permits  focusing  with  the  sensitive  plate 
uncovered.  Any  dealer  in  photographicgoodscan  supplycatalogues 
of  such  cameras  showing  their  mechanism.  Here  it  need  only  be  said 
that  the  groimd  glass  is  placed  in  the  top  of  the  camera  and  the  oper- 
ator looks  at  it  through  a  hood  extending  from  the  top  of  the  camera. 
He  focuses  the  full-sized  image  on  the  ground  glass  and  while 
looking  exposes  the  plate  by  pressing  a  button  at  the  side  of 
the  camera.  For  use  imder  water  such  a  camera  is  placed  in  a 
water-tight  box  (Fig.  29),  with  a  plate  glass  front  through  which 
the  tens  looks.  The  hood  of  the  camera  extends  into  the  pyrami- 
dal lid  of  the  box  and  the  operator  looks  into  it  through  a  second 
plate  of  glass.  A  milled  head,  shown  on  the  right  of  the  box,  is 
ootmected  through  a  water-tight  stuffing  box  with  the  focusing 
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head  of  tbe  camera,  while  a  similar  arrangement  on  the  opposite 
side  of  the  box  operates  the  mechanism  which  controls  the  expo- 
sure. Tbe  operator  wades  and  holds  the  box  beneath  the  surface 
of  tbe  water  with  only  the  upper  part  of  the  hood  exposed.  With 
tbe  right  band  he  focuses,  with  the  left  he  makes  tbe  exposure. 


PKl  18.    Flaa^  mta  giast.    For  domptioa     Fra.  19.     Wiler-tlgbl  mctii]  boi  *<Ui  plUt^aH 


After  each  exposure  the  box  must  be  opened  to  change  the  plate. 
For  details  the  reader  should  consult  the  literature  cited. 

Means  of  Securing  Collecting  Apparatus 

The  various  types  of  commercial  nets  described  may  be  had  of  dealeis  in 
fishing  nets.  The  Simplex  Net  Company  of  Ithact,  N.Y.,  supplies  ingenious 
folding  townets,  plankton  nets,  and  dip  nets.  The  special  apparatus  mentioned 
can  be  constructed  by  any  skilled  mechanic  under  direction. 
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CHAPTER  IV 
BACTERIA 

By  EDWIN  O.  JORDAN 

Pnfaur  e]  BaOiriilen  » (*>  VmnnOy  el  CKta» 

Bacteria  are  unicellular  organisms,  for  the  most  part  very 
small.  Considerable*  differences  in  size,  however,  are  observed. 
A  certain  large,  rod-shaped  species  studied  by  Scfaaudinn  measures 
from  50/1  to  60^  in  length  and  from  4/1  to  5^  in  width.  On  the 
other  hand  the  bacillus  of  influenza  averages  about  o.5>x  in 
length  and  0.2^  in  width.  The  average  rod-shaped  bacterium, 
such  as  is  found  in  water  and  soil,  measures  about  2^1  in  length 
and  about  0.5/1  in  diameter.  Some  microiirganisms  are  known 
to  exist  which  are  so  small  that  they  will  pass  through  the  pores  of 
the  finest  Berkefeld  filter  and  remain  invisible  under  the  most 
powerful  lenses,  but  it  is  not  surely  established  that  all  these  so- 
called  ultramicroscopic  organisms  belong  to  the  group  of  bacteria. 

For  the  methods  of  studying  bacteria,  special  laboratory  man- 
uals or  guides  should  be  consulted.  A  number  of  such  guides  are 
in  existence,  among  which  may  be  mentioned  Heinemann  (1911) 
and  Frost  (1905).  In  any  case  a  proper  familiarity  with  laboratory 
methods  can  be  gained  only  with  the  assistance  of  a  skilled  labora- 
tory instructor  possessed  of  individuality  and  resource. 

Bacteria  are  generally  classed  as  plants  rather  than  animals, 
but,  as  is  well  known,  the  dividing  line  between  animals  and  plants 
is  an  entirely  arbitrary  one,  and  there  is  no  general  agreement 
among  naturalists  respecting  what  shaU  constitute  a  determina- 
tive plant  or  animal  characteristic.  It  is  largely  considerations  of 
convention  and  convenience  that  place  them  among  the  plants. 
From  their  lack  of  chlorophyl  and  the  fact  that  they  multiply  by 
division  or  fission  the  bacteria  are  classed  as  Sckizomycetes  or  fission 
fungi. 

Within  the  group  of  bacteria  themselves  classification  is,  for 
practical  purposes,  especially  important,  but  because  they  are  so 
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minute  in  size  and  the  observable  differences  in  structure  are  so 
slight,  any  classification  grounded  on  morphoiogical  characters, 
such  as  that  of  Migula  (1897),  meets  with  many  difficulties,  and 
would  seem  at  present  to  be  premature.  Because  of  the  great  prac- 
tical importance  of  physiological  quaUties,  bacteriologists  have 
come  to  lay  great  stress  upon  bacterial  functions,  and  considera- 
tions of  convenience  have  often  led  to  groups  being  established  on 
physiological  characteristics.  The  practice  of  dealing  with  bacteria 
in  related  groups  is  growing.  For  the  identification  of  specific  and 
group  characters  the  Report  of  the  Commiyee  of  the  Society  of 
American  Bacteriologists  on  Method  of  Identification  of  BacteriaJ 
Species  should  be  consulted. 

The  forms  of  bacteria  are  very  simple.  The  complex  and  elabo- 
tate  structures  found  among  certain  other  groups  of  unicellular 
organisms  (diatoms,  desmids,  radiolaria)  do  not  occur  among  bac- 
teria. Three  principal  type  forms  are  recognized:  the  sphere 
(coccus  or  micrococcus),  the  rod  (bacillus),  and  the  spiral  (spirilltun 


r^^fl^,  r 


and  Epirochxte)  (Fig,  30).  Closely  resembling  these  are  certain 
filamentous  organisms  known  as  Trichomycetes,  which  connect  the 
bacteria  with  the  higher  fungi  or  moulds. 

The  minute  size  of  bacteria  renders  the  study  of  their  finer 
structure  somewhat  difficult,  but  a  few  features  have  been  clearly 
determined.  Most  species,  peihaps  all,  are  provided  with  a  cap- 
sule or  outer  layer  of  gelatinous  substance  originating  from  the 
cell-membrane  and  seen  in  stained  preparations  surrounding  the 
cell  like  a  halo.  The  capsule  is  much  more  prominently  developed 
in  some  q)ecies  than  in  others.  The  cell-membrane  is  chiefly  re- 
mai^ble  for  its  chemical  composition,  differing  as  it  does  from  the 
cell-membrane  of  the  higher  plants  in  not  being  composed  of  cel- 
lulose. The  nature  of  the  cdl-substance  of  bacteria  has  been  the 
object  of  much  discussion  from  the  standpoint  of  its  relation  to  the 
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nuclear  substance  of  higher  cells.  It  has  been  held  by  different 
observers  that  a  bacterial  cell  is  to  be  compared  either  to  a  free 
nucleus  or  to  an  unnucleated  tnass  of  cytoplasm,  but  these  views 
have  now  been  practically  abandoned.  It  seems  to  be  clear  from 
the  researches  of  recent  investigators  that  the  chromatin  substance 
instead  of  being  gathered  together  in  a  definite  nucleus,  as  in  the 
cells  of  most  higher  forms  of  life,  is  fragmented  and  distributed 
irregularly  through  the  body  of  the  cell.  The  bacterial  chromatin 
is  usually  present  in  great  abundance,  varies  in  amount  and  in 
position  in  different  Junds  of  bacteria  and  occurs  most  frequently 
in  a  finely-divided  condition.  Not  only  are  particles  of  chromatin 
scattered  through  the  cell,  but  other  granules  that  react  to  stains 
in  special  ways  are  present  in  the  cell  substance,  particularly  in 
certain  spedes.  The  physiological  significance  of  these  so-called 
metackromatk  granules,  as  they  occur  for  example  in  the  diphtheria 
bacillus,  is  unknown,  but  it  seems  probable  that  they  are  to  be 
looked  upon  as  reserve  food  substances. 

Many  forms  of  bacteria  show  independent  movement,  distinct 
from  the  oscillating  or  trembling  movement  exhibited  by  all  minute 
,  particles  suspended  in  water  and  known  as  the  Brownlan  movement. 
The  power  of  motility  depends  upon  the  possession  of  long,  fragile, 
filamentous  appendages  termed  fiageUa.  In  the  case  of  certain 
large  spirilla,  flagella  can  be  seen  on  the  Uving,  unstained  cell,  but 
ordinarily  special  methods  of  staining  must  be  applied  to  demon- 
strate their  presence.  The  position  of  the  fiagella  on  the  cell  body 
differs  in  different  species.  Some  species  possess  a  single  ffagellum 
at  one  pole,  as  is  the  case  with  the  cholera  spirillum;  others  have  a 
flagellimi  at  either  pole;  others  have  polar  tufts  of  ffagella;  and 
still  others  possess  flagella  attached  to  the  sides  as  well  as  the 
ends  of  the  cell  (typhoid  bacillus)  (Fig.  30).  In  certain  nonmotile 
bacteria,  such  as  the  anthrax  badlius,  no  flagella  have  been  observed. 
Under  certain  conditions  some  bacteria  pass  from  the  ordinary 
or  vegetative  stage  into  a  highly  resistant  state,  known  as  a'  spore 
or  mdospore.  The  spores  of  bacteria  are  approximately  spherical  or 
oval,  are  stained  with  great  difficulty  with  the  ordinary  aniline 
dyes  and  resist  destructive  agencies,  such  as  heat  and  chemical 
disinfectants,  much  better  than  the  vegetative  forms  from  which 
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they  spring.  A  single  cell,  as  a  rule,  gives  rise  to  but  one  spore,  so 
that  ^wre  fonnation  can  not  be  looked  upon  as  a  process  of  multi- 
plication. It  is  generally  considered  Uiat  the  bacterial  spore  is  a 
resting  stage,  physiologically  similar  to  an  encysted  amoeba  and 
serving  to  tide  the  ^>ecies  over  a  period  of  hard  times.  Not  all 
bacteria  are  spore  producing;  in  fact  the  number  known  to  form 
spores  is  rather  limited. 

Great  adaptability  is  shown  by  bacteria  to  extremes  of  tempera- 
ture. Some  species  have  been  found  multiplying  in  the  water  of 
polar  seas  at  or  near  the  freezing  point,  while  others  have  been 
found  hving  in  the  water  of  hot  springs  at  a  temperature  of  79°  C. 
Most  of  the  ordinary  bacteria  found  in  pond  or  river  water  multiply 
abundantly  at  a  temperature  of  about  20°  C.  When  water  is 
frozen,  most  of  the  bacteria  that  it  contains  are  killed  at  once.  A 
small  proportion  survive,  but  in  gradually  diminishing  numbers, 
so  that  at  the  end  of  a  few  weeks  dear  ice  is  practically  sterile. 
Bacteria  contained  in  masses  of  organic  matter,  however,  may 
have  their  Ufe  in  ice  considerably  prolonged. 

Bacteria  not  only  adapt  themselves  to  great  extremes  of  tem- 
perature, but  to  varied  sources  of  food  supply.  Many  species  can 
content  themselves  with  relatively  simple  chemical  compounds, 
such  as  the  ammonium  salts  of  the  organic  adds.  Others  require 
for  their  development  complex  nitrogenous  substances.  The  nitri- 
fying bacteria,  so  abundant  in  most  soils  and  waters,  obtain  the 
energy  necessary  for  their  development  altogether  from  inorganic 
compounds.  On  the  other  hand,  certain  bacteria  are  entirely 
dependent  upon  particular  organic  compoimds  present  in  the  bodies 
of  the  higher  animals,  and  can  thrive  only  in  the  presence  of  blood 
serum  or  similar  fluids. 

Fundamental  difTerentxs  exist  among  bacteria  in  reelect  to  their 
relative  need  for  oxygen.  Some,  the  obligatory  aerobes,  require  free 
oxygen  for  the  maintenance  of  their  life  activities,  while  others,  the 
obligatory  anaerobes,  do  not  grow  except  in  the  almost  complete 
absence  of  free  oxygen.  There  are  also  some,  the  facultative  atiaSr- 
obes,  that  can  multiply  either  in  the  presence  or  absence  of  free 
oxygen.  The  anaerobic  bacteria,  as  a  class,  thrive  best  in  the  pres- 
ence of  substances  capable  of  undergoing  reduction  or  fermentation. 
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The  addition  of  glucose  or  nitrate,  for  example,  to  ordinary  nutrient 
broth  will  enable  certain  species  of  bacteria  to  grow  under  condi- 
tions otherwise  unfavorable.  The  relation  between  anaerobic  hfe 
and  food  supply  is  an  intimate  one.  The  anaerobes,  in  a  word,  are 
those  organisms  able  to  obtain  their  needed  energy  from  the  simple 
splitting  of  organic  compounds  without  oxidatioD.  If  a  microdrgan- 
ism  is  so  speciaUzed  to  an  anaerobic  mode  of  life  that  the  presence 
of  oxygen,  except  in  minute  quantities,  interferes  with  its  habitual 
method  of  attacking  food  substances,  it  is  an  obligatory  anaerobe. 
In  a  modified  form,  therefore,  Pasteur's  conception  of  fermentation 
as  "life  without  air"  is  not  very  far  from  the  modem  view. 

Those  decompositions  of  organic  substances  that  are  usually 
termed  putrefactions  and  are  characterized  by  the  evolution  of 
malodorous  gases  such  as  hydrogen  sulphide  and  the  production  of 
substances  like  skatol,  indol,  mercaptan,  etc.,  are  due  to  the  agency 
of  anaerobic  bacteria.  In  fact,  researches  indicate  that  the  putre- 
factive decomposition  of  native  proteins  is  wholly  the  work  of  the 
obhgatory  anaerobes.  As  is  well  known,  the  ooze  at  the  bottom  ot 
ponds  and  streams  is  peculiarly  the  home  of  such  anaerobic  decom- 
positions. 

Bacteria  are  everywhere  present  in  natural  bodies  of  water. 
They  are  more  abundant  as  a  rule  in  surface  waters  than  in  ground 
waters.  Deep  well  waters  and  spring  waters  in  certain  regions 
often  contain  very  few  bacteria,  perhaps  only  five  to  ten  per  cubic 
centimeter,  while  the  water  of  lakes  and  ponds  usually  contains 
several  hundred,  and  ordinary  river  water  contains  numbers  that  at 
times  rise  into  the  thousands  and  tens  of  thousands.  As  a  general 
rule,  sewage-polluted  waters  contain  more  bacteria  than  pure  waters. 
An  excessively  polluted  stream,  such  as  the  Chicago  River  once 
was,  may  hold  as  many  as  several  million  bacteria  per  cubic  centi- 
meter. 

The  number  of  bacteria  in  a  river  water  varies  greatly  at  differ- 
ent seasons  of  the  year,  being  generally  larger  in  the  colder  months 
than  in  summer.  Probably  this  is  due  in  part  to  the  winter  in- 
crease in  current  caused  by  rains  and  melting  snows  which  prevents 
sedimentation ;  in  part  to  the  heavy  rains  of  winter  which  wash  into 
a  stream  numberless  germs  from  cultivated  lands,  and  partly  also 
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to  the  lower  temperature  of  the  water  in  winter  which  favors 
the  continuance  of  bacterial  vitality.  In  highly-polluted  rivers  the 
processes  of  decomposition  are  retarded  by  cold  weather;  in  con- 
sequence, bacteria  together  with  their  food  substances  travel  for  a 
greater  distance  dovnx  stream  in  winter  than  in  summer.  This 
condition  has  been  shown  to  exist,  for  example,  in  the  lUinois 
River  which  is  heavily  polluted  with  Chicago  sewage. 

Besides  these  important  seasonal  fluctuations,  daily  and  hourly 
changes  may  be  noticed,  depending  upon  the  amount  of  rainfall, 
the  velocity  of  the  current,  the  direction  and  force  of  the  wind  and 
perhaps  the  germicidal  action  of  sunUght.  For  these  reasons,  it  is 
necessary,  in  order  to  interpret  correctly  the  sanitary  ^gnificance 
of  the  bacterial  content  of  any  body  of  surface  water,  to  make  re- 
peated examinations  under  a  variety  of  circumstances  and  with 
particular  attention  to  the  effect  of  modifying  conditions.  In  the 
case  of  ground  waters  (wells,  springs,  etc.),  the  number  of  bacteria  is 
less  affected  by  changes  in  external  conditions,  but  here  also  great 
caution  is  necessary  in  drawing  conclu^ons  from  a  limited  number 
of  observations. 

The  following  table  gives  some  conception  of  the  number  of 
bacteria  that  may  be  found  by  the  gelatin  plate  method  in  various 
bodies  of  water.  Great  variations  occur  and  any.  such  tabulation 
can  have  only  an  approximate  value. 

Per  cubic  ctntimetei 

Sewages  or  sewage-polluted  waters 100,000  to    1,500,000 

Rivers  not  highly  polluted 1,000  to  10,000 

Lakes  and  ponds  not  highly  polluted 100  to  1,000 

Pure  ^ring  waters 5  to  50 

The  enormous  number  of  bacteria  which  such  figures  show  to  be 
present  in  all  natural  bodies  of  water  comprises  many  different 
kinds.  There  is  no  special  and  characteristic  class  of  "  water 
bacteria,"  but  genns  from  the  air,  from  the  soU,  from  decomposing 
animal  and  plant  substances  and  from  the  healthy  and  diseased 
tissues  of  animals  and  plants  may  at  times  find  their  way  into 
water.    The  bacterial  flora  of  a  given  stream  or  pond  is  therefore 
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constantly  changing,  and  varies  from  time  to  time  not  only  in  the 
number,  but  in  the  nature  of  the  individuals  composing  it  (Fig.  31). 
Little  work  has  yet  been  done  upon  the  changes  in  the  kinds  of 
bacteria  in  river  or  lake  water  due  to  the  shifting  seasons  and  other 
factors,  but  there  is  no  doubt 
that  important  differences  do 
exist.    Many  varieties  of  bac- 
teria have  been  isolated  from 
water.    During  the  course  of 
a  study  of  the  bacteria  in  the 
water  of  the  Llinois  River 
the  writer  found  that  out  of 
543  cultures,  17  well-defined 
groups  and  41  subgroups  were 
represented.      These    groups 
include  a  number  of  pigment- 
producing     or     chromogenic 
forms,    some   of    which    are 
among  the  most  common  inhabitants  of  water,  and  also  a  number 
of  bacteria   closely   related    to   organisms  associated  with    the 
production  of  disease  in  the  higher  anjmab.    Among  the  bacteria 
commonly  found  in  natural  waters  may  be  mentioned  B.  fiuo- 
rescens  vars.   liquefaciens  and   non-liquefaciens   (the  green  water 
bacillus),  B.  subtjlis  (the  hay  bacillus),  B.  mesenlericus  (the  potato 
bacillus),  B.  proUus  and  B.  cloacae  (commonly  associated  with  the 
decomposiUon  of  vegetable  and  animal  matter),  B.  liquefaciem, 
B.  hyalinus,  B.  violaceus,  and  many  chromogenic  and  non-chromo- 
genic  micrococci;  in  polluted  waters,  5.  coH  is  usually  found  in 
large  numbers  and  organisms  of  the  B.  proteus  type  and  strepto- 
cocci are  more  abundant  than  in  normal  waters. 

It  is  well  known  that  the  germs  of  several  of  the  principal  infec- 
tious diseases  of  man  are  commonly  conveyed  in  drinking  water. 
Typhoid  fever  and  Asiatic  cholera  are  familiar  examples.  Both 
the  typhoid  bacillus  and  the  cholera  spirillum  have  been  found  in 
water,  although,  partly  because  the  technical  difficulties  of  investi- 
gation are  considerable,  partly  because  the  longevity  of  these 
organisms  in  water  is  limited,  positive  findings  have  not  been  very 


.dbyCoOgIc 


frequent.  Under  ordinary  conditions  there  is  no  reason  to  suppose 
that  pathogenic  bacteria  multiply  in  water  or  that  they  retain 
their  vitality  for  more  than  a  few  weeks.  In  polluted  soil,  however, 
they  may  live  much  longer  than  in  water,  and  a  river  may  be  con- 
tinuously polluted  during  a  long  period  by  bacteria  that  are  washed 
into  it  from  acciunulations  of  fecal  material.  Other  pathogenic 
bacteria  occasionally  water-borne  are  the  dysentery  bacillus  and 
the  anthrax  bacillus. 

Since  the  search  for  specific  pathogenic  bacteria  in  a  water  is 
hardly  ever  likely  to  be  crowned  with  success,  various  indirect 
means  for  determining  the  purity  of  a  water  have  been  proposed. 
The  most  useful  of  these  analytical  methods  is  the  test  based  on 
the  determination  of  the  relative  number  of  BaciUtis  colt.  This, 
the  colon  bacillus,  is  a  normal  inhabitant  of  the  healthy  human 
intestine  and  is  found  in  large  numbers  in  fresh  sewage  where,  by 
appropriate  methods,  it  is  usually  detected  in  each  fyJ^nF  ^■^-  ^^~ 
amined.  Since  it  is  also  present  in  the  droppings  of  many  of  the 
larger  domestic  animals  and  hence  occurs  in  garden  soil  and  in 
pastures,  its  occasional  presence  in  water  does  not  necessarily  in- 
dicate possible  or  even  probable  pollution  with  fecal  matter  of 
human  origin.  The  researches  of  many  investigators,  however, 
have  shown  that  the  relative  abundance  of  Bacillus  colt  in  water 
is  a  very  satisfactory  criterion  of  the  sanitary  quaUty  of  such  a 
water.  If,  for  example,  it  is  found  uniformly  present  in  a  water  in 
each  I  c.c.  sample,  the  water  is  looked  upon  as  distinctly  suspicious. 
In  cases,  however,  where  it  is  rarely  foimd  in  i  c.c.  samples  and 
only  occasionally  when  quantities  as  large  as  lo  c.c.  or  even  50  c.c. 
are  examined,  the  water  is  usually  considered  potable. 

The  bacteria  in  water  stand  in  important  relations  to  the  life  of 
other  aquatic  plants  and  animab.  It  is  a  familiar  fact  that  but  for 
bacterial  activity  the  nitrogen  and  carbon  in  complex  organic  com- 
pounds once  bound  would  remain  forever  locked  up  and  unavail- 
able for  the  nutrition  of  other  forms  of  life.  As  is  well  known  also, 
the  first  steps  in  decomposition  or  the  breaking  down  of  organic 
substances  are  due  to  bacterial  agency.  Ammonia  and  ammoni- 
acal  compounds  are  among  the  chief  nitrogenous  products  of  this 
decomposition.    The  processes  of  disintegration  and  oxidation  do 
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not  end  with  the  production  of  such  a  relatively  simple  compound  as 
ammonia.  Further  oxidation  of  the  ammonia  to  nitrites  takes 
place  and  the  nitrites  in  turn  are  oxidized  to  nitrates.  The  for- 
mation of  nitrites  and  nitrates,  like  the  formation  of  ammonia,  is 
due  to  bacterial  activity;  this  process  is- known  as  nitrification. 
Special  and  peculiar  varieties  oy>acteria  are  concerned  in  the  proc- 
ess of  nitrification.  One  species  is  able  to  oxidize  ammonia  to 
nitrite,  but  is  unable  to  carry  the  process  of  oxidation  any  further. 
At  this  stage  of  decomposition  a  second  species  takes  up  the  work 
and  completes  the  process  by  oxidizing  the  nitrites  to  nitrates. 

U  we  follow  the  fate  of  the  nitrogen  introduced  into  a  sewage- 
poUuted  river,  we  find  that  there  occurs  first  a  breaking  down  of 
the  albuminous  compounds  and  a  consequent  increase  in  the 
amount  of  "free  ammonia"  in  the  water;  further  down,  nitrites 
begin  to  appear  and  eventually  nitrates  are  found.  A  river  water 
in  which  the  process  of  nitrification  has  occurred  and  which  is 
therefore  rich  in  nitrates  affords  a  peculiarly  favorable  medium 
for  the  growth  of  plant  life  and  often  "blooms"  with  a  myriad  of 
microscopic  algae.  The  presence  of  a  multitude  of  algae  in- 
fluences in  its  turn  the  life  conditions  of  aquatic  protozoa  and  of 
higher  animal  organisms.  At  times  when  through  the  advent  of 
low  temperature  or  other  unfavorable  conditions  the  algae  die  off, 
the  albuminous  compounds  constituting  their  dead  bodies  undergo 
decomposition;  ammonia,  rutrites,  and  then  nitrates  are  again 
formed,  and  the  nitrogen  cycle  begins  anew.  The  food  supply  of 
the  whole  plankton  of  fresh-water  streams  and  ponds  is  therefore 
dependent  upon  the  activity  of  bacteria,  and  the  share  of  these 
organisms  in  producing  or  modifying  the  conditions  under  which 
all  aquatic  life  is  possible  can  never  be  ignored. 
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CHAPTER  V 
BLUE-GREEN   ALGAE   (CYANOPHYCEAE) 

By  EDGAR  W.  OLIVE 

Curator  4»t  BroMy  Beanie  Gtaia 

The  blue-green  algae  are  found  principally  in  fresh  waters, 
although  numerous  forms  occur  also  in  the  sea,  and  are  almost 
universally  distributed  over  the  whole  earth.  In  moist  climates 
they  are  particularly  abimdant,  growing  in  ahnost  every  conceiv- 
able situation  as  gelatinous  masses  or  strata  on  rocks,  stones,  the 
trunks  of  trees,  damp  ground,  etc.  Many  of  them  occur  abun- 
dantly in  both  marine  and  fresh-water  plankton.  The  peculiar 
phenomenon  of  "water-bloom"  {or  "working"  or  "blooming"  of 
the  lakes,  "breaking  of  the  meres,"  "Flos  aquae,"  "  WasserblUte") 
is  due  to  the  sudden  appearance  in  lakes  and  ponds  of  a  surface 
scum  formed  of  vast  quantities  of  certain  plankton  species  of  these 
organisms.  This  frothy  scum,  forming  the  so-called  "water- 
bloom,"  is  of  common  occurrence  in  midsummer  in  quiet  waters, 
especially  after  a  protracted  period  of  heat.  Disagreeable  "pig- 
pen" odors  and  bad  tastes  are  caused  by  such  masses  when  decay 
sets  in,  due,  according  to  Jackson  and  Ellms,  to  the  decay  of  highly 
nitrogenous  organic  matter  in  which  partially  decomposed  sulphur 
and  phosphorous  compounds  play  a  large  part.  The  occurrence  of 
blue-green  algae  in  public  water  supplies  often  thus  becomes  of 
great  economic  importance;  and  Moore  has  foimd  in  this  coniLec- 
tion  that  such  algal  growths  in  reservoirs  may  be  readily  eradicated 
or  their  growth  prevented  by  the  use  of  a  dilute  solution  of  copper 
sulphate. 

In  addition  to  their  importance  as  polluting  organism^  in  water 
reservoirs,  some  recent  observations  appear  to  indicate  that  cer- 
tain plankton  forms  of  blue-green  algae  are  sometimes  used  as  food 
by  fish  fry.  Their  indirect  importance  in  this  respect  may  be 
regarded  as  well  established,  since  Birge  has  shown  that  the  com- 
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mon  plankton  Crustacea,  which  themselves  form  the  basis  of  the 
food  of  many  small  fishes,  depend  to  a  great  extent  upon  Aphant- 
zomenon,  Anabaena,  and  other  blue-green  algae  for  their  own  sus- 
tenance. 

Some  species  of  Cyanophyceae  have  become  adapted  to  living  in 
hot  springs;  these  organisms,  in  fact,  together  with  certain  sulphur 
bacteria,  constituting  the  sole  organic  life  of  thermal  springs. 
According  to  the  careful  observations  of  Setchell,  the  blue-green 
algae  grow  in  some  abundance  in  thermal  waters  up  to  68°  C, 
and  scantily  in  springs  showing  a  temperature  as  high  as  75°- 
77°  C. 

The  varied  colors  —  shades  of  yellow,  orange  red,  pink,  blue, 
and  blue  green  —  shown  by  the  siliceous  deposits  around  certain 
hot  springs  of  the  Yellowstone  Parit,  are  due  in  great  part  to  the 
presence  of  briUiantly  colored  blue-green  algae  within  the  deposit. 
Weed  has  discussed  the  part  played  by  these  algae  in  the  formation 
of  carbonaceous  and  siliceous  rocks  about  hot  springs. 

Some  of  the  Cyanophyceae,  principally  of  the  genera  ScyUmetna, 
Sligonema,  and  Nostoc,  are  found  associated  with  certain  fungi  to 
form  lichens;  while  still  others,  notably  Nostoc  and  Anabaena,  occur . 
r^ularly  endophytically  in  the  roots  of  Cycads  and  in  the  leaves 
of  AzoUa  and  other  water  plants. 

Like  the  bacteria,  with  which  these  algae  are  supposed  to  show 
close  relationship,  most  of  the  Cyanophyceae  possess  cell  walls 
which  become  much  swollen  and  mucilaginous  in  their  outer  layers. 
Thus  most  of  the  filamentous  forms  become  invested  in  either  a 
thin  mucous  sheath  or  a  tough,  lamellose  sheathing  tube.  Many 
of  the  colonial  forms  consist  of  masses  of  cells  embedded  in  a  thick, 
jelly-like  matrix,  the  external  surface  of  which  is  often  covered 
with  a  thin  cuticle. 

Much  dispute  has  arisen  in  recent  years  as  to  the  nature  of  the 
contents  of  the  cells  of  these  algae.  On  examination  with  the 
compound  microscope,  one  usually  notes  a  number  of  granular 
bodies,  apparently  of  two  kinds  —  numerous  smaU  granules  and  a 
few  larger,  clear  ones.  In  the  shorter-celled  species,  the  smaUer 
and  more  numerous  granules  frequently  lie  in  regular  double  rows, 
on  either  side  of  the  cross  walls  which  separate  the  cells.    In  the 
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longer-celled  forms,  $uch  as  Nostoc  and  Tolypothrix,  the  small 
granules  generally  occur  abundantly  in  all  parts  of  the  periphenU 
protoplasm.  These  minute  granules  are  generally  regarded  as  the 
"cyanophydn  granules"  (Borzi),  and  they  are-probably  albumi- 
nous in  their  nature  and  serve  as  reserve  food.  The  few  larger 
granules  mentioned  above  are  more  hyaline  and  transparent  than 
the  cyanophydn  granules,  and  they  appear  to  lie  in  or  near  the 
center  of  the  ceil.  These  larger  granules  have  been  called  by 
Palla  "slime  globules";  by  Zacharias  "CentralkOmer."  Their 
function  is  in  dispute. 

The  cells  of  favorable  fonns  of  the  blue-green  algae,  e.g.,  OscU- 
latoria,  show  two  more  or  less  evident  portions  of  the  protoplasm  — 
a  peripheral  layer,  to  which  the  pigment  is  confined  and  in  which 
the  cyanophydn  granules  lie,  and  a  central  colorless  part,  the 
so-called  "central  body."  The  majority  of  recent  studies  on  the 
subject  maintain  that  the  central  body  is  a  nudeus,  although  this 
condusion  has  been  several  times  disputed.  Carefully  stained, 
thin  sections  show,  however,  that  it  is  made  up  of  both  chromatic 
and  achromatic  substances.  Moreover,  Macallum  and  others  find 
.  in  the  central  body  complex  proteid  substances  containing  phos- 
phorus and  "masked"  iron  to  a  marked  degree,  which  they  regard 
as  characteristic  constituents  of  chromatin.  Fischer  daims,  how- 
ever, to  have  demonstrated  by  means  of  a  tannin-safranin  stain 
that  the  central  body  is  filled  with  certain  carbohydrates,  of  the 
nature  of  glycogen. 

The  central  body  divides  according  to  some,  by  simple  amitotic 
division;  while  others  believe  that  the  division  is  mitotic.  At  any 
rate,  the  division  of  this  nucleus,  or  central  body,  precedes  the 
division  of  the  cell,  and,  as  in  other  lower  plants,  the  two  processes 
appear  to  take  place  independently  of  each  other.  Cell  division  is 
accomplished  in  these  forms  in  the  same  manner  as  has  been 
described  for  many  other  filamentous  Thallophytes,  by  constric- 
tion: a  ring-formed  wall  grows  in  from  the  outer  wall,  similarly  to 
the  closing  of  an  iris  diaphragm,  and  finally  cuts  the  cell  in  two. 

The  varying' shades  of  color  shown  by  these  organisms  are  caused 
by  varying  mixtures  of  the  green  chlorophyll  and  the  reddish  or 
bluish  phycocyanin,  the  pigments  being  apparently  confined  to 
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the  peripheral  cytoplasm.  The  phycocyanin  may  readily  be  ex- 
tracted by  killing  the  plant,  when  the  plasma  membrane  at  once 
allows  the  dissolved  pigment  to  pass  out  through  the  ceil  wall. 
When  plants  are  dried  and  pulverized,  then  soaked  in  water,  a 
solutioQ  of  the  bluish  coloring  matter  is  thus  readily  obtained.  A 
quicker  method  is  to  place  the  blue-green  algae  in  chloroform  water 
(made  by  shaking  up  a  small  quantity  of  chloroform  in  water, 
allowing  it  to  settle,  then  decanting  the  water,  which  is  then  used 
in  the  experiment),  or  in  water  containing  a  few  drops  of  carbon 
bisulphide,  for  a  short  time.  Death  of  the  plants  at  once  ensues 
and  the  dichroic  phycocyanin  passes  out  into  the  surrounding 
water,  leaving  the  filaments  bright  green  from  the  remaining  chlo- 
rophyll pigment. 

S^  vacuoles  occur  sometimes  in  the  cells  of  the  Cyanophyceae, 
particularly  in  the  older  elongated  cells  of  such  forms  as  TolypO' 
thrix  and  Catotkrix.  Another  kind  of  vacuole,  filled  with  gas,  is 
said  by  Klebahn  and  others  to  occur  in  certain  free-fioating  blue- 
green  algae,  such  as  Codosphaerium,  Atu^iaena,  and  OsciUaioria, 
when  they  rise  to  the  surface  to  form  water-bloom.  These  authors 
regard  the  so-called  gas  vacuoles  as  directly  concerned  with  the 
floating  capacity  of  the  algae  which  possess  them ;  their  contentions 
have  been  disputed  a  number  of  times,  however,  and  the  gas 
vacuole  theory  is  r^arded  by  many  as  untenable. 

Sexual  reproduction  is  unknown  among  the  blue-green  algae. 
Asexual  multipUcation  takes  place  in  the  simpler  forms  by  cell 
division  and  subsequent  separation  of  the  daughter  cells.  In  the 
higher,  filamentous  Hormogoneae,  short  one-  to  few-celled  fila- 
ments, known  as  bormogonia,  are  regularly  set  free  and  these  frag- 
ments form  new  plants.  Spherical  or  cylindrical  resting  spores  are 
formed  in  some  species  by  the  growth  in  size  of  the  vegetative  cells 
and  by  the  thickening  of  the  walls. 

Heterocysts  are  special  cells  developed  in  some  forms  from  ordi- 
nary vegetative  cells,  whose  significance  is  not  well  imderstood. 
Their  protoplasmic  contents  apparently  soon  die  and  one  or  two 
polar  thickenings  appear  in  the  cell.  Undoubtedly  they  are  at 
times  connected  with  the  breaking  up  of  the  filailnents,  but  in  some 
cases  they  normally  occur  at  the  basal  ends  only  of  the  filaments. 
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A  few  of  the  Cyanophyceae  show  remarkable  osdllating,  gliding, 
or  rotating  movements,  the  cause  of  which  has  never  been  satisfac- 
torily explained.  In  OscUlatoria  and  Spirulina,  these  movements 
are  particularly  conspicuous. 

CYANOPHYCEAE 

(lIYXOFHYCEAE,  PHYCOCHROUOPHYCEAE,  SCHIZOPKyCEAE) 

Algae  possessing  more  or  less  of  a  b]ue-green  color;  free-floating  or  living  in 
gelatinous  masses  or  strata;  sexua]  reproduction  unknown,  reproducing  asexu- 
aljy  by  means  of  cell  division,  the  daughter  cells  either  soon  separating  into 
more  or  less  independent  cells,  or  remaining  adherent  to  form  filaments  or 
plates  or  solid  colonies.  The  vegetative  cells  each  made  up  of  two  more  or 
leas  easily  distinguishable  parts;  a  colored  peripheral  cytopla«n,  which  contains 
the  blui^  or  reddish  phycocyanin,  in  addition  to  the  chlorophyll  pigment,  and 
also  generally  a.  number  of  minute  granular  bodies  —  the  "cyanophycin  gran- 
ules"; and  the  colorless  "central  body,"  which  is  the  nucleus  of  the  cell. 
Embedded  in  the  central  body,  in  addition  to  the  chromatic  and  achromatic 
substances,  there  usually  occur  a  few  large,  globular,  transparent  bodies  — 
the  so-called  "slime  globules."  Sap  vacuoles  sometimes  occur  in  the  cyto- 
plasm. Thick-walled  resting  spores  are  formed  in  some  species;  heterocysts 
are  also  found  in  certain  forms,  which  are  peculiar  cells,  whose  protoplasmic 
contents  apparently  soon  die  and  whose  significance  is  but  Uttle  understood. 
I  (35)  One-celled  plants,  living  either  free  or  united  into  colonies  by 
being  embedded  in  a  common  gelatinous  matrix. 

Order  Coccogoneae  Thuret  .    .     2 
1  (24)        Cells  generally  free-floating  or  forming  a  gelatinous  stratum;  not 
differentiated  into  base  and  apes. 

Family  Chsoococcaceae  .    .     3 

3  (8,  11)    Cell  division  in  one  pkne  only 4 

4  {7)  With  wide  mucous  covering 5 

5  (6)  CeUs  elongate,  each  with  a  special  mucous  coat.  Gloeolhece  NageU. 

Cclb  obkmg  or  (yUadrical,  witb  thid^  >ome(Imes  Umel- 
Iwei  gebtinous  membnuK;  single  or  united  into  miao- 
■oopically  small  colonia,  whicb  ore  eaclosed  after  the 
nuuuiei  of  dctocapta  witbln  the  gditinous  membruie  of 
the  mother  cell.    On  wet  rockss  rudy  SooUng. 

PlO.  31.  OiwMu  KivlKnu  Ntcdi.     X  4!°.    (Alter  West.) 

6  (5)  Cells  little  longer  than  broad,  many  adhering  together  to  form 

large,  irregular  colonies,  enclosed  by  a  common  mucous 
matrix Aphanolkece  Nilgeh. 

,-■•_■■. 

Cells  oUon^ ,  divtding  only  at  right  angles  to  the  long 
uis;  lorming  uregulai,  gelatinous  colonies  which  aomc- 
k  times  grow  to  be  an  inch  or  more  in  diameter.     At 

r.  maiyn.1  of  Ulies  and  □□  wet  rocks. 
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.  Cells  with  tluD  cell  walls Syntchococcus  NageU. 


Cells  aHnMntively  luEC,  (srlindriol  or  ellipaoidat,  livins 
uiuatly  lingly  or  sometimes  fonniog  small  families  of  two 
to  (out  united  in  ■  row  or  chain.  CeU-contcDts  btue-gnen, 
sometimes  yellowisfa,  pinkish,  or  pUe  orange.  Fiee-Qoating 
in  ponds  and  pools,  or  on  rodc!. 


n 


Rif<3ui«t.) 


Cell-division  in  two  planes. 9 

Cells  spherical  or  oblong,  foiming  flat,  plate-like  colonies. 

MerisMopedia  Meyen. 


nully  adhering  in  groupa  ol  (our.  and  airanged  in  rtf- 
i  _  to  (orm  B  BaX,  rectangular.  plate-SlEe  ooIoDy.    In 


planictm,  in  poods,  and  UJus. 


Xijo.    (Afl«r  West) 


Cells  flat,   quadrangular  in  outline,  soUtaiy,  or  forming  small 


Cell-division  in  three  planes i» 

Cells  united  into  definite,  often  comparatively  large  colonies.      13 

Colonies  more  or  less  regularly  spherical 14 

Colonies  hollow ;  cells  closely  and  regularly  arranged  at  the  surface. 
Coeloiphatrium  Nageli. 
Cells  gjobose  or  oblong,  forming  on  the  surface  of  lakes  and 
ponds  microscopiciliy  small,  hoUow,  spherical  colonies  em- 
bedded in  a  mass  of  mucus;  reproduction  by  means  of  uogle 
cells  escBjang  from  the  colony  as  well  as  through  the  con- 
striction of  old  colonies  to  form  new  ones.  Oyiamoa  in  fresh- 
water plankton. 


Pic.  36.     Cteleiplmrium  M 


■  NMeJi. 


Colonies  solid;  cells  sparsely  scattered  through  the  jelly,  pyriform 
in  shape Gamphosphaeria  KUtzing. 


ii  to  form  micro- 


Flo.  37.    Gtrntintka 


16(13)  Colonies,  when  old.  generally  not  spherical 17 

17  (18, 19)    Colonies  microscopically  small,  solid,  globular,  or  clustered. 

Microcyslis  KUtzing. 

(Probably  should  be  tinited  with  Clatkrixystii.)  Cells  spherical,  or  thiou& 
proaure  somewhat  angular;  uniting  in  great  numbers  to  form  microsco^^ 
ally  smaU  solid  colonies.    CammoD  in  poods  and  ditches. 
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i8  (17, 19)  Colonies  at  first  globular,  later  irregular  in  shape,  and  perforated 
or  netted ■    ■    -  Clatkrocyslis  Bealiey. 


Cells  apheriol,  united  in  gre»t  numbers  to 
lonn  at  first  globular,  later  inegular  colonies, 
which  often  become  clathrate,  [onning  m  open 
meabworli.  Common  in  lalies  and  ponds-  C 
aempiMja  Henfr,  is  often  thrown  upon  rocks 
along  shores  to  form,  miied  with  Codoipkaerium 
kUantiaMUm  Nig.,  the  so-called  "green  paint." 


FBI.  jB.     OalkncyilL 


X46S. 


19  (17, 18)  Colonies  irregular  in  shape,  frequently  foiming  films ao 

ao  (ai,  aa)  Individual  mucous  coats  dearly  evident  for  each  daughter  cell  of 
the  colony Gloeocapsa  KttUing. 


Cells  sph^cal,  with  thick,  often 
lametlose,  gelatinous  membnuie; 

solitary  ot  generally  united  into 
microacopic  colonies  in  which  the 
membranes  of  the  daughter  cells 
remain  enclosed  for  a  long  lime 
within  tbal  of  the  mother-cell. 
Forming  gelatinous  substrata  on 
moist  walls  and  wet  and  dripiMng 


iah^ltmalica 


[ao,  aa)  Cells  enveloped  in  a  common  gelalinou 


Cdls  globose,  forming  irregular  colonies  enclosed 
'' '  k,  homogeneous  integument.     DiSering  from 
keie  only  in  its  globose  cells.      In  stagnant 


Afhaaocttu'    (rniUci    Rabenhont. 


aa  (30,  3l)  Cdls  globose,  reddish  purple,  arranged  in  a  thin  gelatinous  stra- 
tum  PorpkyridiumH^tii. 

Common  on  damp  ground  and  at  the  base  of  damp  walls. 
13  (13)      .  Cells  solitary  or  a  few  adhering  together  in  a  group,  not  forming  a 
definite  layer Chroococcus  Nageli. 

Cdls  globose  or  somewhat  angular,  with  Grm,  often  thick, 
lamellose  or  homogeneous  membrane.    Free-floating,  or  forming 
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Cells  epiphytic;  with  a  distinct  base  and  apex. 

Family  Ceauaesiphonaceae. 
Only  one  genus.     .    .  Chamaesipkon  A.  Biaun  and  Grunow. 


Cells  snuU,  ovoid,  pyritenn,  or  cyliDdrical;  attached 
by  thdr  base  and  sennolly  wideoiiig  upwardi  to  tbdr 
free  apei.  Striiury  or  aggresated;  sheaths  present; 
cellwalb  veo' thin;  cell  oanteots  hiim«eneous.  blue- 
gtwD,  violet,  or  yellow;  repntduction  by  one^led, 
.■..  ..11 — i._i  __.  -...i jjji  Ittaa 


the  upper  portion  of  the  planta,  gRLdually  escapinfi 
from  the  open  apex.  Common  on  OedogimiMm  and 
other  nlgae  in  ponds. 


Plants  filamentous;  filaments  ^mple  or  branched;  consisting  of 
one  or  more  rows  of  cells  generally  enclosed  within  a  more 
OT  less  evident  sheath.  Asexual  reproduction  by  means 
of  honnogonia,  and  more  rarely  by  spores. 

Order  Hormogoneae  Tburet .  .     36 


6(64) 


»7  (53)        Filaments  not  branched.  . 


38  (43)  Filaments  consbting  of  a  single  row  of  cells,  seldom  (Spirulina) 
one-celled;  not  branched;  heterocysts  absent;  sheaths  vari- 
able, more  or  less  gelatinous,  and  sometimes  enclosing  more 
than  one  filament. .   .    .  Family  Oscillatoriaceae  .  .     29 

3Q  (39)       Never  more  than  one  filament  within  a  sheath. 

■   Subfamily  Lyhgbyeae  .  .     30 

30  (31)  Filaments  apparently  one-celled,  coiled  into  a  regular  spiral,  often 
showing  rapid  rotatory  movements. .   .     Spirulina  Turpin. 

Filaments  very  narrow,  consisting  of  «  siagle 
elongated  cdl,  sometimes  of  great  length,  rqcularly 
spirally  coiled;  sometimes  showing  ra)xd  osdUat- 


31  (30)        Filaments  many-celled 3a 

33  (36)        Filaments  simple,  generally  showing  oscillating  and  gliding  move- 
ments; sheaths  thin,  hyaline,  sometimes  not  evident.   .     33 
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33  (34i  35)  filaments  more  or  less  confluent  by  their  mucous  sbeaths. 

Pkormidium  Efltzing. 

'-celled,  «lr»^t  a 
leatbs  whidi  mque 


t^mtamMlto 


^3^  adherent  la  lona  an  expanded  atratum  on  wd 

rocks  01  moist  earth,  «  entirely  aubmerged 
Usually  this  stratum  is  soil  and  slimy,  but  i 
sometimea  becomes  hard  and  leather; 
intcnnediate 
Osdiiaieria. 
Fici.  44^    Plurmiiimm  tMuiaim  Kntiliii. 


FOamenti  composed  of  numerout 
short  {ylindrical  celk,  the  end  <xll  some- 
times  mucb  attenuated;  without  a 
sbcsth  or  with  an  almost  iroperczptible 
one;  generally  sho<rin£  lively  creeping 
and  oscillating  movements.  Found  in 
great  profusion  in  all  kinds  of  wet  situ- 
ations; sometimes  free-Soating  at  the 
surface  of  lakes  and  ponds,  or  farming 
&lmy  growths  on  wet  soil  or  rot^ 
O.  limosA  is  estremdy  abundant  on  the 
soil.  etc..  in  greenhouses,  while  O.  ftt- 
Hfica  occun  in  the  pluilLtoD  of  some  lakes  in  such  quantities  as  to  impart 
■  reddish  or  purplish  ca\ot  to  the  water  aikd  occasiooally  (o  foim  a  "  water- 
btoom."  The  latter  tpeaa  has  been  found  in  some  instances  to  penist  even 
into  the  winter  and  to  color  the  ice  a  reddish  or  pinkish  color. 

35  i33>  34)  Filaments  without  deaths,  twisted  into  a.  regukr  spiral. 

Arlhrospira  Stizenberger. 

Filaments  commonly  without  a  sheath,  differing  from 
OiciUattria  in  being  regularly  sirirall^  coiled,  and  from 
SpinliHa  in  being  many-celled.   Livmg  singly  or  form- 
ing darfc-green  slimy  strata  in  stagnant  watn'. 
Fio.  4S.    Arthrtifira  JnHtri  Stiaenbenn.     X  s<n.     (After 


36  (33)        Filaments  not  showing  oscillating 

37  (38)        Filaments  free  and  simple,  free-floating  or  forming  an  expanded 

stratum Lyngpya  C.  Agardh. 

Filaments  many-celled,  straight  or  bait, 
each  enclosed  in  a  firm,  generally  hyaline, 
sometimes  lamellose,  membrane.  Free-float- 
ing, or  forming  densely  intricate,  floccose 
masses,  or  an  eipanded  stratum.  Frequently 
abundant  in  plankton. 
Fig,    47.    Lyniliya    majsr    Meocghini.      X  465. 


(Original.) 
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38(37)        Filaments  forming  erect  tufts,  often  branched.  .  Sym^aca  KUtang. 


Filaments  denfcly  interwoveD  to  form  a  allmy  subatratum  from 
which  arise  erect  tuita  of  variable  height,  Sometimcj  more  or  less 
procumbent.  False  branches  solitary;  sheaths  thin,  colorless,  firm 
or  aomewhat  mucous;  apei  of  the  filament  straixht,  sometimes  a  little 
tapering:  outer  membrane  of  the  apiial  cell  shghtty  tliickened  in 
BOEoe  xptdea.    In  hot  springs,  on  damp  earth,  walla,  or  trunks  of  trees. 


Fic.  4S.     Symttoa  Ji 


"^dkj  ' 


Several    filaments    in    a    common    sheath  which  is  frequently 
branched Subfamily  Vaginaiueae.  .    40 

41)  Sheaths  often,  colored;  lametlose;  filaments  few  or  many,  loosely 
aggregated  within  the  common  sheath.  Schitotiirix  Klltzing. 

Several  filameots  endosed  in 
bunellose   sheath  which   v   " 

colorless  but  later  becomes „^ 

browoiah,  or  purplish:  filaments  ample 
or  variouily  branched.  Forming  cush- 
ion-like masses,  erect  tufts,  or  a  Oat 
stratum  on  moist  substrau,  rarely 
[ree-doating. 


FIQ.41 


la  NifdL 


>,  43)  Sheaths    hyaline,  fused   with    adjoining  sheaths. 
Ktltzing. 


Filaments  composed  eadi  of 
numberless  short  cells,  the  end 
cell  with  thickened  cap-like 
membrane.  Filaments  two 
to  many  in  colorless,  slimy 
■iheaths.  which  bea>me  fused 
with  those  of  adjoining  fila- 
ments. In  brooks  and  water- 
falls. 


1,41)  Sheaths  hyaline,  not  lamellose,  containing  a  large  number  of 
filaments MicrocoUits  DesmaziSres. 

Filaments  simple,  consisliiiK 

generally  of  long  cells;  doaeiy 
aggregated  in  great  numbeis 
in  the  center  ol  a  conspicuous, 
hyaline,  cylindrical  sheath. 
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43  (38)        Filaments  simple,  unbrandied;  with  heterocysts;  livinc  singly  or  in 

gelatinous  masses,  often  of  definite  fonn.  Sheaths  very 
delicate,  mostly  confluent.  Cells  generally  tomlose,  in  a 
single  row Family  Nostoceae  .    .     44 

44  (47)        Filaments  enclosed  within  a  gelatinous  mass  of  definite  form.      45 
45(46) 


Ddiote  colonies;  filAmenU  atrajght  or 
ifightly  bent,  arranged  in  tolerably  parallel 
TOVi,  with  >  common  gelatinous  cnvdope; 
heterocysts  intercalaiy;  spores  in  chains, 
bordering  on  oat  or  both  sides  of  the 
heterocysts.  W.  laccala  Bor.  and  Flab, 
occurs  in  sugoailt  water. 

Fra.  5 


Colonies  spherical,  or  of  varied  form;  with  the  enclosed  filament 
irregularly  interwoven  and  contorted.    .   .  Nostoc  Vaucher. 


Fonnine  leathery  or  slimy  gelatinous  masses,  at  Gist  spher- 
ical or  oUong.  later  of  vaned  [orm,  solid  or  hollow,  and 
attached  or  unattached;  tilaments  contorted  and  curved  in 
all  directions;  the  gelatlaoua  sfaeath  sometimes  ahaiply 
delimited,  more  often  fused  with  the  enveloping  jelly. 
Cells  globular,  banel-sbapcd,  or  cylindrical;  heterocysts 
intercalary,  or  (when  young)  sometimes  terminal;  spores 
globular  or  oblong,  formed  in  rows  in  varying  number  be- 
tween the  heterocysts.  Forming  free-floating  or  attached 
masses,  on  damp  ground,  wet  rocks,  etc. 


ffMlW    C 


)1  siiei  b.  X  4«l- 


47  (44)       Filaments  more  or  less  straight,  free-floating  or  fonning  a  thin 

mucous  stratum 48 

48  (51)        Hetoocysts  and  spores  intercalary 49 

49  (50<  5t)  Filaments  naked,  or  with  a  thin  sheath;  single,  or  aggregated  into 

fonnless,  flocculent  masses;  cells  equal  \o  or  longer  than 
their  diameter Anabaena  Bory. 


Filaments  straight  or  drdnate,  naked  or  endoMd 
uiiited  to  f^n  a  lldn,  slimy  tUstum:  vegetative 


„  »  somewhat  longer  than  uiick;  heter- 
ocysts numerous  and  interc^iuv:  spores  vlriouily 
disposed,  borne  singly  or  rarely  in  short  chains, 
A.  jliis-aguat  Brfb.  ud  A.  arciiuilii  Rabenb.  are 
frequently  abundant  in  fresh-water  plankton. 

Fia    54.      Anaiaaa    jbs-aoiu    BrfbinoB.        XaHs- 


1    bi-uput    1 
(OriginaL) 


.dbyCoOgIC 


BLDE-GREEN  ALGAE  III 

50  (49>  51)  Filanients  short,  straight,  densely  aggregated  in  parallel  bundles  to 
form  small,  featb^,  plate-tue  masses. 

Aphanizomenon  Morren.  - 

Filaments  without  >haLtll> 

^^a^^^^BiH^^BBH^I^Ha^H^i^H^i^H        straight  or  gomewhat  tapo- 

"^^^^^^^^^^^^^^^^^^^  ing  *l  the  end;    united  in 

^^^^^^^^^^^^^"^^■^^^^^B^^M^^^Bf  nnall,     spandie  -  shaped    or 

^^^^m^m^^K^Ut^ma^^^^^^K^m^^^^  plate-Uke,  free-floating  bua- 

^^^^^^^^^^^^^^^^^^^^^^^^  die;  ipores  much  elongated, 

cylindriail,  solitary,  n**  ■■— 


no.  5s.    AflKi'mmm-mjlas-avia'  R»l«.     X  46s.     »)nginal.}  ^j^^j^^    ^    ,^    inleraa«ry 

betecocrst.  A.  fiot-aquat 
RaKs  19  sometimes  foand  floating  in  great  abundance  In  the  UiU  waten  ol 
ponds  and  \tkei. 

51  (49,  50)  Filaments  free;  cells  shorter  than  their  diametet. 

Nodutaria  Mertens. 

Filimoiti  enctosed  in  a  thin,  often  evanescent  ihcath; 

free-floating  as  single  filaments  01  united  into  colonies  of 

■  ■  indefinite  form;  hetecocysU  Inletadaiy,  depressed;  qmres 

^^Ef^^^JteBWBBJBl  almost  ipheiical,  in  roin,  not  bordering  on  the  hetero- 

fio.  56.    Soiutaria  ip.     X  ViS-    (Oigiiul<) 

sa  (48)       Heterocysts  tennina!  and  the  spores  always  contiguous  to  them. 

Cylindrospermum  Ktltzing. 

Filaments  without  sheath 
telatively  ibort,  aggn^ated  to 
form  an  expanded  Ghn  or 
cokmy  of  inde&nite  shape; 
vegetative  cells  cylindrical, 
longer  than  the  diametet;  bet- 
enxTSt  terminal;  spues  gcD- 
erally  aolitaiy,  borne  next  to 
the  heterocyst.    Common  on  damp  earth  and  stones. 

53  (a?)        Filaments  with  true  or  false  branches 54 

54  (60)        FilamenU  bearing  false  branches;  sheaths  firm,  of  more  or  less  equal 

thickness;  filaments  consistmg  of  a  smgle  row  of  cells,  with 
heteiocysts  (except  PlectOTtema). 

Farnily  Scytonemaceae  ,   .     55 

55  (56.  59)  Wthout  heterocysts  or  ^wres. Pieclenema  Thuret. 

Filaments       consisting 


singly  in  a  firm,  colorksi 
or  yellowish  sheath.  P. 
voBti     Farl.     occurs    in 

ponds,  attadied  to  stones, 
etc 

Fro.  <&  PltcteiHmi  woUri 
Fulnr.      X  36°.      (After 

S"  CsS.  Sff)  With  intercalary  heterocysts.    One  filament  in  each  sheath.  .     57 
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57  (58)        Branches  generally  arising  in  pairs Scytonema  Agardh. 


FilamenU  connstios  of  vegetative  cells  and 
heterocysts:  borne  luigly  in  a  sheath:  aheath 
tough,  lamellose,  frequently  yellowijb  or  orowmsb 
1-   —I-,,  [jjjj  branches  mrne  generally  in  pairs 


fia.  sg.  Stylfntma  wHtabiU  Tbaitt.  X  465.    (OrtEiaal.) 


58  CS7)        Branches  arising  as  a  rule  ^ngly Tolypothrix  KUt^ing. 

Filaments  resembling  cloeety 
tboie  oi  Scylonema.  but  false 
bnmches  ui^n^  singly  as  a  nile 
instead  of  in  pain,  as  outgrowths 
in  the  region  of  the  hetetocysts; 
the  latter  1-^  in  a  row;  spores  (in 
a  few  spedes)  elliptical,  borne 
singly  or  in  rows.  Occurring 
among  various  aquatic  plants  in 
ponds  and  lakes. 


59  (55i  56)  With  basal  heterocysts.    Two  to  several  filaments  enclosed  in 
each  sheath Desmonema  Berkeley  and  Thwaites. 


(54)        Filaments  usually  stout,  bearing  true  branches;  cells  rounded,  dis- 
posed generally  in  more  than  one  row;   heterocysts  present. 

Family  Siigoneuaceae  .    .     61 

(6a,  63)  Sheaths  thick;  firm Stigonema  Agardh. 

Filaments  frcc-Boaling  or  aggregated 
on  the  substratum  to  form  Idt-like 
masws;  filBmenta  composed  partly  o(  two 
to  several  cell-rows,  sometimes  of  a  single 
row,  enclosed  in  s  Ihjclf..  lamellose,  yellow- 
ish or  brownish  sheath,  which  is  often 
of  irregular  thickness,  Hormogonia 
formed  at  the  ends  of  the  vegetative 
branches  or  in  special  short  branches. 
Heterocysts  commonlv  lateral,  or  less  often 
intercalary.  Vegetative  cells  rounded, 
frequently  showing  protoplasmic  omtiauity.  Growing  geoentUy  oiv  damp  01 
_._■.  free-floating. 


no.   61.      t.SHiamima 

■MM  mlmilitm  Rusall 


gcdlnhiiii  Tliuret;  t 
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6a  (61, 63)  Sheaths  thin;  branches  commonly  unilateral.  Hapaloriphon  Ntigeli. 

Filaments  f  ree-Soatiag  unon^t  other  ■Igw  or  suburiBl. 
Bnodtes  long  and  Scxuok.  ilightly  attoiuated,  geaerally 
naiTower  thaii  the  main  axis  and  borne  uoilateraUy- 
Prinuuy  axis  conaigting  of  a  lingle  row.  rardy  of  1  to  3  < 
rows  of  celU.  endosed  in  a  strong  ahnth  of  unifonD 
tbickness.    Spores  and  tielerocysts  ialetcalaiy.    Among 


S.Wat. 


63  (61, 63)  Sheaths  thick;  fused  to  form  an  inegular  gehtinous  mass. 

Nostochopsis  Wood. 


65(68) 
66(67) 


Forming  rounded,  Noitoc-like 
maiiea,  attached  to  water  plant*. 
FilamcDls  rompoMd  of  but  aae  cell- 
tow;  pcofiuely  branched. 

Pio.  U-    VnlKWiH  Mala  Wood. 
X  no.    (Alter  BomeC.) 

Filaments  conspicuously  attenuated  towards  one  or  both  extrem- 
ities, which  are  generally  pilifeious. 

Suborder  Tiichopiioreae  .    .      65 

Filaments  sheathed,  simple  or  branched,  attenuated  from  the  base 
to  the  apex,  which  is  pilifeious;  heterocysts  generally  basal, 
rarely  absent Family  Rivijuuuaceag  .   .     65 

r  soft  velvety  expan- 


Branches,  when  present,  distinct  and  free. 


.  .  Calothrix  Agardh, 
Filament!  simple  or 
sligbtly  branched,  single 
In  a  thick  sbcatb;  hetero- 
cysts basal  or  intercalary 


Branches  several  (3  to  6)  within  a  common  sheath. 

Dichothrix  Zanaidini. 


chotomously  branched:  hetero- 
cysts basal  or  ihtercalaty.    On 

Fic.  6«.    DitlutknimitrninaV. 
todG.S.WaL    X4»    (Ahet 
'     Wot.) 


68  (6s)        Filaments  forming  a  hemispherical  or  gbbukr  mass,  closely  united 
by  mucus 6g 
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6g  (70)        Filaments  radiately  disposed  in  a  globose  or  hemi^herical,  at- 
tached mass.    Spores  unknowii Rimdofia  Agsrdb. 

Forming  Imnispheiical,  globular,  or  hoUav 
Bcberical  colotiies  atuijial  to  submngcd 
IwntB,  such  u  Cham,  Uyriopk^utn,  01  to 
■tones  in  stteams  and  cataracts.  Colonia 
dHnposed  ol  radiating  Giameats  which  an 
repeatedly  branched;  gtamenta  attenuated 
and  with  pUiferous  extremities;  beterocysti 
basal;  the  whole  endosed  id  a  tough,  getat- 


Rlmiaria  laiwhJa  Bonict  and  Fliluult. 


70  (69)        niaments  radiately  disposed;  colony  often  free-floating.     Spores 
regularly  present Gloeotrickta  J.  A^trdh. 


(Probably   not    niffidentty 

distinguished  from  Riniaria  to 

justify  its  bf ing  made  a  sep- 

^  arate  genus.)    Colony  globose, 

free-floating    or    attadied    to 

Fia  6S.    ClmMf Ma  ^iiiMi  Afardh.     X  4^;.    (Oiigind.)  submerged  water  plants;  solid 

when  young,  but  inflated  and 

hollow  when  old;  compoied  ol  radiating,  branched,  attenuated  glaments. 

^mres  elongated,  cylindrical,  borne  immraiately  above  the  basal  heterocyit. 

G.  pisum  Ag.   is   a  coimnoD  plankton  form  and   coostiluent  of  "water- 
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CHAPTER  VI 
THE   FRESH-WATER   ALGAE 

(Excluding  the  Blue-Green  Algae) 

By  JULIA  W.  SNOW 

AoKwU  FrolanH  aj  Matty  i»  Smili  CtOiii,  NiinJtamf4tit.  Uais. 

The  fresh-water  algae  are  among  the  most  widely  distributed  of 
plants.  They  are  found  in  all  natural  bodies  of  water,  whether 
these  be  rapidly-running  streams,  brooks,  and  rivers,  or  the  more 
quiet  bodies,  such  as  pools,  ponds,  and  lakes.  They  abound  where- 
ever  there  is  m<»sture.  All  low-growing  vegetation  in  moist  places, 
the  bark  of  trees,  the  earth  itself,  and  even  snow-covered  moun- 
tains, bear  species,  although  they  may  be  invisible  to  the  naked 
eye. 

The  forms  of  the  fresh-water  algae  are  most  varied,  and  there  are 
all  gradations  from  the  most  minute  cell  of  primitive,  spherical 
shj^ie  to  the  large  filamentous,  richly-branched  structure,  or  cell 
complex.  The  difference  between  the  simple  unicellular  forms  and 
many  of  the  higher  forms  is  less  than  would  appear  at  first  sight. 
The  larger  forms  often  instead  of  being  complex  organisms  with 
many  organs,  each  with  its  own  E^>edal  function,  seem  to  be  more 
like  aggregates  of  unicellular  individuals,  each  capable  of  perform- 
ing all  the  life  functions,  and  each  living  independently  of  its 
neighbors.  This  is  manifested  in  forms  where  a  single  cell  is  sepa- 
rated from  all  others  and  continues  to  live  and  to  reproduce.  An 
example  of  this  is  seen  in  SHgeochnium  and  Chaetophora,  which 
under  certain  conditions  fall  apart  completely,  and  each  cell  exists 
indefinitely  as  a  unicellular  organism  undergoing  division  in  three 
directions.  Such  a  state  is  known  as  the  palmella  condition. 
Each  cell  in  this  aggregate,  however,  when  in  the  right  environment, 
has  the  power  to  reproduce  again  the  original  plant,  a  fact  which 
would  indicate  that  environment  as  well  as  heredity  is  a  factor 
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in  the  determination  of  form.  It  was  formerly  thought  that  such 
a  polymorphism  was  characteristic  for  the  majority  of  the  higher 
algae,  but  though  frequent  it  is  by  no  means  universal. 

Certain  of  the  genera  of  the  unicellular  algae  must  be  closely 
related  to  certain  genera  of  the  filamentous  forms,  such  as  Stichococcus 
and  Bormidium,  Botrydiopsis  and  Conferva.  The  structure  of 
the  cell,  the  color,  size,  and  shape  of  the  chromatophores,  the  repro- 
duction, the  cbemica  substances  formed  by  the  cells  of  the  differ- 
ent genera,  are  in  each  case  identical,  and  practically  the  only 
difference  is  that  in  the  one  case  the  cells  are  cylindrical  and  united 
into  a  filament,  while  in  the  other  case  they  may  be  somewhat 
spherical  and  solitary. 

The  resemblance  is  so  great  between  the  Chloromonadaceae, 
Conferva,  Botrydiopsis,  and  other  forms  in  reference  to  the  light 
color,  the  small  chromatophores,  the  nature  of  the  zoospores,  and 
several  other  pcnnts,  that  many  modem  writers  classify  them 
together  under  the  head  of  Heterokontae,  in  spite  of  the  fact  that 
some  are  unicellular,  some  flageUate,  and  some  filamentous  forms. 
Though  this  resembhince  is  fully  recognized  by  the  writer,  in  this 
brief  outline  of  the  fresh-water  algae  the  older  classification  of 
Wille  will  be  retained. 

The  adult  algal  cell  is  a  typical  plant  cell,  bounded  by  a  mem- 
brane, usually  of  cellulose,  but  in  the  Diatomaceae  of  a  siliceous 
nature.  Just  within  the  membrane  is  a  layer  of  prott^lasm  which 
encloses  one  or  more  vacuoles  and  in  which  are  imbedded  one  or 
more  chromatophores  occupying  either  a  parietal  or  a  central 
position.  The  nucleus  usually  lies  near  the  center.  In  by  far  the 
larger  number  of  species  there  is  a  single  nucleus  in  a  cell,  but  in 
the  Cladophoraceae  and  the  non-septate  Siphonales  there  are  many 
nuclei.    The  non-septate  algae  are  called  coenocytes. 

The  chromatophores  of  the  algae  are  large  in  propordon  to  the 
size  of  the  cell,  and  may  be  disc-shaped,  plate-like,  star-shaped, 
or  spiral.  They  may  be  regular  or  irregular,  perforated,  netted, 
or  entire.  Nowhere  else  in  the  plant  kingdom  do  we  find  such  a 
variety  of  shapes  and  structures  among  chromatophores  as  among 
the  algae.  Within  the  chromatophores  of  many  spedes  is  a  body 
denser  in  structure  and  albuminous  in  character,  the  pyrenoid. 


.dbyCoOgIc 


THE  FRESH- WATER  ALGAE  117 

This  usually  is  surrounded  by  starch  and  is  the  center  of  reserve 
material. 

Davis  regards  the  pyrenoid  as  the  center  of  activity  of  the 
chromatophore.  Certain  it  is  that  the  division  of  the  pyrenoid  is 
the  first  visible  stage  in  the  division  of  the  chromatophore  and  of 
the  entire  cell,  and  takes  place  in  some  cases  at  least  before  the 
division  of  the  nucleus. 

On  the  baas-  of  the  color  of  the  chromatophore  of  tlie  different 
forms,  together  with  the  mode  of  reproduction,  are  formed  the  chief 
divisions  of  the  algae.  The  different  classes  are  as  follows  and 
each  of  them  is  treated  separately  in  a  synoptic  key  at  the  place 
indicated : 

Chlorophyceae,  color  green,  page  134. 

Cyanophyceae,  color  blue-green,  page  100. 

Phaet^hyceae,  color  brown,  page  174. 

Rhodoidiyceae,  color  red  or  purplish  green,  page  175. 

Badllariaceae,  color  yellow,  page  135. 

In  all  cases  where  the  color  is  other  than  green  there  is  in  the 
chromatophore  a  coloring  matter  which  screens  the  chlorophyll 
and  gives  the  characteristic  hue  to  members  of  the  group.  In 
the  Cyanophyceae  the  coloring  matter  is  phycocyan;  in  the  Phaeo- 
phyceae,  phycophaein;  in  the  Rhodc^hyceae,  phycoerythrin;  and 
in  the  Badllariaceae,  diatomin. 

Reproduction  in  the  algae  is  either  sexual  or  asexual. 

Asexual  reproduction  may  take  place  either  by  simple  cell- 
divi^on  or  by  the  formation  of  some  cell  specially  modified  for 
that  purpose.  Cell  division  may  occur  in  one  of  two  ways:  first, 
by  fission,  where  a  membrane  is  formed  across  a  cell,  dividing  the 
original  membrane  and  contents,  as  in  Pleurococcus;  second,  by 
internal  division,  where  the  contents  are  simply  divided  into  two, 
then  four,  and  perhaps  eight  or  more  portions,  as  in  Dactylococctts 
and  CMoreUa.  The  membrane  remains  for  a  time  unaltered,  but 
finally  becomes  ruptured  when  the  daughter  cells  increase  in  size, 
.  thus  settii^  free  the  new  individuals.  They  germinate  immedi- 
ately and  each  produces  a  new  plant. 

Oblique  divisions  of  cells,  so  frequently  attributed  to  the  algae, 
rarely  if  ever  occur.    They  appear  to  take  place  very  frequently, 
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as  in  Ankistrodesmus,  Daclylococcus,  and  CUamydomottas,  but  obser- 
vation proves  that  such  divisions  are  always  transverse  or  longi- 
tudinal, and  that  the  parts  in  growing  slip  by  each  other  and 
elongate,  producing  the  diagonal  line  of  demarcation  between 
them. 

In  reproduction  by  internal  division,  the  new  individuals  are 
called  by  Artaxi  gonidia,  by  West  autospores,  and  by  Wille  akin- 
etes,  with  the  akinete  character  but  slightly  developed.  The 
contents  of  such  cells  may  become  denser,  and  possibly  be  Med 
with  oil  or  starch;  at  the  same  time  the  membrane  becomes  thick- 
ened and  the  whole  cell  more  resistant  to  unfavorable  conditions, 
such  as  heat,  cold,  or  drought.  They  may  remain  in  this  condi- 
tion for  long  periods,  and  in  this  way  maintain  the  life  of  the 
organism  over  conditions  which  would  threaten  the  existence  of 
an  ordinary  vegetative  cell.  Such  cells  or  akinetes,  according  to 
Wille,  may  be  seen  in  the  palmella  condition  of  Stigeoclonium  and 
Chaetophora. 

The  modification  of  these  cells  may  continue  farther,  and  a 
rejuvenescence  occur.  Each  cell  becomes  invested  with  a  new 
membrane  and  the  old  membrane  is  cast  off  before  germination. 
These  structures  Wille  would  designate  as  aplanospores.  He  also 
calls  attention  to  the  fact  that  there  are  many  transitional  stages 
between  the  vegetative  cells  and  akinetes,  and  also  between  the 
akinetes  and  the  aplanospores. 

In  many  of  the  Confervales  and  Protococcales,  instead  of 
autospores,  there  are  formed  motile  spores  or  zoospores.  These 
are  mostly  oval  in  shape,  without  a  membrane,  with  one,  two,  or 
four  dlia,  a  reddish  pigment  spot,  one  or  two  chromatophores, 
and  usually  two  contracting  vacuoles  in  the  anterior  end.  The 
zoosporangium,  or  cell  in  which  they  are  borne,  is  in  the  greater 
number  of  cases  developed  from  an  ordinary  vegetative  cell,  but 
more  rarely  from  a  cell  specialized  for  that  purpose.  The  zoo- 
spores originate  by  the  repeated  bi[>artition  of  the  cell  contents,  by 
which  2,  4,  8,  i6,  32,  64,  or  even  128  spores  are  formed,  as  in  the 
production  of  autospores.  More  rarely  a  single  spore  is  formed 
from  a  cell.  The  zoospores  are  set  free  either  by  the  entire  cell 
wall  becoming  gelatinous,  or  by  its  dissolving  at  a  smgle  point, 
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through  which  the  spores  gradually  press  their  way.  In  some 
instances  the  membrane  sphts  and  the  spores  are  thus  liberated. 
If  the  conditions  be  not  favorable  to  the  liberation  of  the  spores, 
however,  they  may  move  for  a  time  within  the  mother  membrane, 
<x  may  never  come  into  motion  at  all,  but  may  germinate  immedi- 
ately without  bdng  liberated,  and  become  invested  with  membranes 
of  their  own.  They  soon  inaease  in  size  so  that  the  zoosporangium 
wall  is  broken,  but  they  often  remain  adhering  to  each  other  for  a 
long  time,  thus  forming  a  cluster  of  cells  like  the  parent  individual. 

Sexual  reproduction  is  always  preceded  by  fertilization.  This 
process  consists  in  a  union  of  two  cells  which  may  be  either  alike 
or  unlike,  and  are  known  as  gametes  If  the  cells  are  alike  they 
are  called  isogametes,  but  if  unlike,  heterogametes.  The  simplest 
form  of  fertilization  is  seen  when  two  isogametes  unite  or  conjugate 
to  form  a  zygospore.  These  gametes  may  be'  two  motile  cells 
resembling  zoospores,  as  n  Protosiphon,  or  they  may  be  non- 
motile  cells,  either  distinct  individuals  as  in  the  Desmids,  or  as 
parts  of  filaments,  as  in  Spirogyra.  Frequently  a  sUght  difference 
in  size  may  be  detected  between  these  two  cells,  and  undoubtedly 
this  is  a  beginning  of  sex  differentiation.  In  all  of  the  higher 
algae  this  differentiation  has  advanced  much  farther  and  a  great 
difference  exists  between  the  gametes:  the  female  cell,  the  oosphere 
or  ^g  cell,  being  large  and  non-motile,  while  the  male  cell,  the 
antherozoid  or  spermatozoid,  is  endowed  with  independent  motion. 
Only  in  the  Florideae  does  the  male  cell,  the  spermatium,  lack 
motion,  and  remain  dependent  upon  the  action  of  the  water  to 
transfer  it  to  the  egg  cell. 

The  female  organ  which  bears  the  egg  cell  is  called  the  oogo- 
nium, the  male  organ  which  bears  the  antherozoid  is  the  antherid- 
ium.  The  result  of  fertilization  of  an  e^  by  an  antherozoid  is  an 
oospOTe,  vriiich  is  resistant  to  unfavorable  conditions  and  is  usually 
d(H7nant  for  a  period  before  germination. 

The  female  organ  of  the  Florideae  is  called  the  procarp.  It  is 
flask-shaped  and  made  up  of  two  parts,  the  enlarged  basal  por- 
ti(Hi,  the  carpogonium,  which  contains  the  egg  cell,  and  a  projecting 
neck,  the  trichogyne,  for  conducting  the  ^rmatium  to  the  egg. 
The  influence  of  fertilization  is  manifested  by  a  rapid  production 
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of  spores  from  the  base  of  the  carpogoiiium,  surrouitded  by  sterile 
filaments;  these  together  form  the  cystocarp. 

Just  as  in  the  study  of  the  higher  plants  attention  has  been 
turned  largely  from  a  purely  systematic  investigation  to  a  physio- 
lo^cal  study,  so  among  the  algae  the  most  important  work  is  done 
along  the  line  of  physiology.  Hie  simplicity  of  their  structure, 
the  ease  with  which  many  may  be  cultivated,  the  readiness  with 
which  they  respond  to  and  adapt  themselves  to  external  condi< 
tions  make  them  a  most  valuable  group  with  which  to  experiment. 
It  would  seem  that  many  of  the  physiological  phenomena  which 
in  the  higher  plants  are  rendered  obscure,  due  to  intricacy  of 
structure  and  complexity  of  environment,  might  be  made  plain  in 
these  lower  forms  which  lend  themselves  so  readily  to  manipula- 
tion. 

Most  valuable  results  in  the  physiolt^  of  rq)roduction  have 
aheady  been  attained  by  Klebs  who  has  taken  the  chief  elements 
in  the  environment  and  studied  their  effect  on  the  organism.  As  a 
result  he  has  shown  that  reproduction,  at  least  in  the  forms  studied, 
instead  of  being  a  phenomenon  which,  without  any  determining 
cause,  occurs  simply  as  a  stage  of  growth,  is  a  phenomenon  which  is 
dependent  upon  external  conditions;  and  that  as  these  are  altered, 
the  one  or  the  other  form  of  reproduction  may  be  originated,  per- 
fected, or  altogether  checked,  according  to  the  will  of  the  investi- 
gator. He  has  shown  most  conclusively  that  the  sexual  form  of 
reproduction  does  not  of  necessity  alternate  with  the  asexual  repro- 
duction. If  the  conditions  be  maintained,  it  is  pos^ble  in  certain 
cases  to  suitress  either  form  of  reproduction  indefinitely,  or  if  de- 
sired, to  call  forth  the  one  to  the  entire  exclusion  of  the  other.  An 
example  of  this  is  dted  by  Klebs  in  Vaucheria,  Prolosiphon,  and  a 
number  of  other  forms.  These  facts  would  go  to  prove  that  an  alter- 
nation of  the  sexual  and  asexual  form  of  reproduction  does  not  exist 
in  the  green  algae,  though  West  and  others  hold  that  it  occurs  in 
a  large  number  of  the  Chlorophyceae.  The  sporophyte  generation, 
they  believe,  is  represented  by  the  sexual  spore  which  produces 
asexual  zoospores;  each  of  these  in  turn,  on  germinating,  ushers  in 
a  gametophyte  generati<ni. 

In  studying  the  algal  flora  of  any  region  and  the  conditions  under 
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which  it  exists,  one  notes  ecological  relations  among  the  algae 
C[uite  as  much  as  among  higher  plants.  The  forms  which  may  be 
found  are  determined  very  largely  by  the  nature  of  their  environ- 
ment, and  many  of  them  cannot  be  transferred  from  one  set  of 
conditions  to  another.  A  large  number  of  species  which  live  sub- 
merged in  water  soon  perish  if  subjected  to  the  atmosphere,  while 
others,  such  as  the  common  Pleurococcus  vulgaris,  which  normally 
live  exposed  to  the  air,  are  never  found  in  water.  A  few  forms, 
such  as  Chiordla,  Stichococcus  and  Hormidium,  may  adapt  them- 
selves to  either  environment,  and  are  very  widely  distributed 
under  the  different  conditions  where  algae  are  found. 

As  all  forms  are  dependent  on  moisture,  the  geological  formations 
which  determine  the  amount  of  moisture  must  determine  the 
algal  flora  of  any  region.  In  localities  where  there  are  large  tracts 
of  level  land  without  elevations  and  depressions,  the  algal  flora  is 
extremely  meager;  while  in  a  hilly  country  where  the  water  accu- 
mulates in  depressions  of  the  earth  this  flora  is  abundant,  certain 
forms  such  as  SligeocUmium,  Drapamaldia,  and  BaWachospermum 
preferring  the  rapidly-running  water  of  streams,  while  the  larger 
number  of  species  choose  the  quieter  water  of  ponds  and  lakes. 

From  early  spring  to  late  fall  the  algae  are  most  numerous,  but 
they  are  £ilso  found  in  winter,  even  in  the  vegetative  condition,  as 
many  £ire  not  injured  by  freezing.  In  these  cases  the  chief  effect 
of  cold  upon  them  is  simply  a  retarding  of  growth  and  of  repro- 
duction. But  while  some  forms  are  found  at  all  seasons,  differ- 
ent forms  predominate  at  different  times,  some  species  being  most 
abundant  at  one  period  and  others  most  abundant  at  another. 
It  does  not  follow,  however,  that  the  same  date  in  successive 
years  will"  find  the  same  form  predominating.  Within  certain 
limits  the  flora  of  a  body  of  water  is  constantly  changing,  due 
probably  to  changes  in-  temperature,  light,  and  nutrition,  or  pos- 
sibly to  other  causes  too  obscure  to  detect. 

Usually  the  littoral  region  supports  a  number  of  filamentous 
algae.  Cladophora  is  one  of  the  most  frequent  and  is  especially 
abundant  in  regions  where  wave  action  is  strong  and  the  current 
great.  On  the  other  hand,  if  the  water  be  shallow  and  exposed  to 
the  direct  rays  of  the  sun,  such  forms  as  Spirogyra,  Zygnema,  Oedo- 
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gomum,  and  Btdbochaete  are  found.  Chora  and  Nttelta  are  found  in 
huge  beds  at  the  bottom  of  lakes  at  a  depth  of  from  one  to  many  feet 

Of  the  unicelluiar  forms  also,  different  species  occur  under  different 
conditions.  An  especially  favorable  position  for  this  group  is 
among  the  leaves  and  on  the  surface  of  the  higher  aquatic  plants. 
Indeed  unless  higher  algae  or  phanerogams  exist  in  <£rtain  locali- 
ties but  few  of  the  minute  forms  are  ever  found.  There  seem  to  be 
.  certain  preferences  on  the  part  of  different  species  of  unicellular 
algae  as  to  the  forms  of  the  higher  plants  with  which  they  associate. 
This  may  be  simply  that  the  shape,  texture,  and  arrangement  of 
parts  of  certain  of  these  plants  afford  a  better  shelter  and  protec- 
tion  for  the  single  cells  than  do  others,  but  it  is  more  probable  that 
the  plant  itseU  exerts  some  chemical  influence  which  is  attractive 
or  repulsive  to  these  forms.  For  instance,  enormous  numbers  of 
different  species  may  be  foimd  growing  among  Chora,  while  in 
connection  with  CeratopkyUum,  the  leaves  of  which  are  very  finely 
cut,  but  few  species  occur. 

Hie  endophytic  forms,  such  as  Endosphaera  and  ScoUnosphaera, 
live  principally  in  the  tissues  of  PotamogeUm,  Lemma,  and  other 
water  plants,  though  they  may  also  be  found  outside  of  the  tissues. 
The  discoid  forms,  such  as  Coleochaele  and  UlveUa,  are  found  on  the 
surface  of  the  broader-leaved  types  of  submerged  plants,  especially 
on  Potamogeton;  and  the  unicellular  blue-green  forms  occur  abun- 
dantly among  the  Charas,  though  they  are  also  numerous  in  most 
stagnant  water. 

In  the  plankton  are  always  found  many  species  that  exist  in  the 
littoral  region,  but  there  are  also  many  forms  which  are  distincUvely 
plankton  types.  These  are  characterized  by  a  great  surface  in 
proportion  to  the  mass  of  the  cells,  thus  rendering  them  more 
buoyant.  This  is  provided  for  in  several  ways:  by  the  presence 
of  long  gelatinous  or  cellulose  spines,  as  in  CkodaieUa  and  Rich- 
teriella;  by  the  union  of  cells  into  ribbons  or  bands,  as  in  FragUa- 
ria;  and  by  the  production  of  a  homogeneous  gelatinous  matrix  in 
which  the  cells  are  imbedded,  as  in  Kirckneriella  and  Spkaerocystis. 

In  studying  the  life  history  of  the  algae,  cultivation  is  absolutely 
essential  in  order  that  development  may  be  traced  from  step  to 
step  without  confusing  the  different  phases  of  the  form  in  ques- 
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tion  with  other  spedes  which  may  be  found  in  connection  with  it. 
Aside  from  this,  too,  cultures  are  useful  in  determining  what  spedes, 
eq)edally  of  the  iinicellulai  forms,  are  present  in  any  collection. 
Many  of  these  are  so  minute  that  they  could  easily  be  overlooked 
unless  they  exist  in  great  masses,  which  is  rarely  the  case.  So  if 
alt  forms  of  a  locaUty  are  desired,  it  is  well  to  put  a  small  portion 
of  material  gathered,  bits  of  moss,  earth,  lichen,  or  washings  from 
h^er  aquatic  plants  into  a  culture  medium  and  allow  it  to  stand 
3  to  4  weeks,  when  it  may  be  examined;  the  chances  are  that 
many  forms  will  appear  which  could  not  be  detected  before- 
hand. Indeed  this  is  the  only  way  in  which  certain  spedes  may 
be  obtained.  ■• 

When  a  pure  culture  is  desired  bacteriological  methods  for  pure 
cultures  are  most  useful,  but  one  who  is  skillful  in  working  imder 
the  low  power  of  a  microscope  can  often,  by  means  of  a  tiny  capil- 
lary pipette,  isolate  a  single  cell,  or  a  cluster  of  cells,  which  he  knows 
to  be  all  of  one  kind.  If  the  medium  in  which  the  form  was  grow- 
ing contained  many  other  spedes,  the  chances  are  that  the  first 
time  that  the  cell  or  duster  is  transferred,  a  cell  of  some  other 
minute  form  such  as  CMoreUa  or  Stkhococcus,  too  small  to  notice 
under  that  power,  may  be  transferred  with  the  desired  form;  so 
to  prevent  this  impurity  from  being  carried  to  the  final  culture,  thus 
malring  the  culture  worthless,  the  better  way  is  to  transfer  the  cell 
first  to  a  drop  of  distilled  water  on  a  shde,  then  sterilize  the  pipette 
in  boiling  water  and,  aUowing  it  to  cool,  transfer  the  cell  again  to 
a  drop  of  distilled  water;  the  process  should  be  repeated  three  or 
four  times,  and  the  cell  finally  transferred  to  the  receptacle  in 
which  the  culture  is  required. 

For  this  purpose  small  low  glass  preparation  dishes  with  loosely 
fitting  covers  are  the  best.  A  receptacle  that  will  admit  a  little 
air  is  better  than  one  that  excludes  air  entirely.  These  small 
receptacles  may  then  be  placed  directly  on  the  stage  of  a  micro- 
scope and  the  forms  studied  from  time  to  time  without  disturbing 
the  growth  in  the  least. 

The  bacteriological  method  for  obtaining  pure  cultures  employs 
gelatine  or  agar-agar  plates.  These  plates  are  prepared  by  spread- 
ing a  thin  layer  of  gelatine  or  agar-agar  mixed  with  some  good 
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nutrient  solution  over  the  bottom  of  a  petri  dish  or  a  small  glass 
culture  dish.  This  must  then  be  sterilized  before  the  culture  is 
made.  In  preparing  the  culture  a  very  minute  portion  of  the  me- 
dium containing  the  desired  form  is  mixed  with  a  large  drop  of 
distilled  water  and  then  this  is  scattered  at  intervals  over  the  surface. 
The  material  must  be  diluted  with  eoough  water  so  that  each  cell 
will  be  by  itself. 

In  the  course  of  a  few  days  the  single  cells  will  have  increased, 
and  then,  while  the  culture  is  on  the  st^e  of  a  microscope,  the  little 
colony  of  cells  may  be  transferred  to  a  liquid  medium  by  means  of  a 
sterilized  needle,  the  tip  of  a  fine  brush,  or  a  very  fine  pipette. 

To  a  very  large  extent  the  culture  medium  must  be  adapted  to 
the  species  to  be  cultivated.  No  one  medium  is  favorable  to  all 
E^des  of  a^e,  and  the  form  must  be  taken  into  consideration 
before  a  mediiun  is  prepared.  If  the  species  be  a  new  form,  various 
different  media  must  often  be  tried  before  the  right  one  is  deter- 
mined. If  a  quantity  of  different  forms  from  any  collection  be 
placed  in  one  mediiun  and  a  second  quantity  in  another,  the  prob- 
abilities are  that  in  the  course  of  three  or  four  weeks  but  few  of 
the  same  species  will  be  found  in  both  cultures.  Certain  forms  will 
have  died  in  one  while  perhaps  those  very  forms  have  found  in  the 
other  medium  the  substances  and  ronditions  for  their  devel<^ment. 

The  media  to  which  the  greatest  number  of  forms  are  adapted 
are  Moore's  solution  and  Knop's  solution: 

Moore's  solution: 

Ammoiuum  nitrate 0.5  gram. 

PoUssium  phosphate 0.1  gram. 

Magnesium  sulphate 0.3  gram. 

CaJdum  chloride o.i  gram. 

Iron  stdphate trace. 

These  amounts  should  be  diaadved  in  one  liter  of  distilled  water. 
KiH^'a  solution: 

PotasKum  nitrate t  gram. 

Potas^um  pho^hate i  gram. 

Magnesium  sulfrfukte i  gram. 

Calcium  nitrate 4  grams. 

Chloride  of  iron trace." 

The  6rat  three  substances  are  diuolvcd  in  the  required  ■mount  of  mta-  to  make  from  i  to 
5  per  cent  ol  the  solution,  then  the  calcium  nitrate  Is  added.  This  solution  may  then  be 
diluted  as  needed;  usually  a  0.3  per  cent  or  a  0.4  per  cent  aolutiou  is  favorable  for  ordinaiy 
cultures. 
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It  should  be  borne  in  mind  that  among  the  plankton  fonns 
there  are  many  which  will  not  develop  in  dther.  For  these 
the  best  solution  has  been  found  to  be  a  solution  made  from  the 
organisms  in  the  plankton  itself.  In  this  a  perfectly  normal  de- 
velopment may  be  obtained  for  many  forms,  though  even  in  this 
some  fail  of  development.  Bouillon,  earth  decoctions,  moist,  finely 
pulverized  earth,  bits  of  bark  and  cubes  of  sterilized  peat,  all  form 
good  substances  for  the  ordinary  cultivation  of  the  unicellular 
algae.  The  filamentous  algae  are  far  more  difficult  to  cultivate. 
Before  satisfying  one's  self  with  the  life  history  of  any  form,  that 
form  should  be  maintained  in  culture  for  an  extended  period, 
when  observation  can  be  made  from  time  to  time  and  the  effect  of 
different  conditions  determined. 

An  attempt  has  been  made  to  give  the  principal  genera  of  fresh- 
water algae  found  in  North  America,  but  the  list  is  by  no  means 
complete.  A  very  few  genera  of  diatoms  and  desmids  here  dted 
have  not  been  found  by  the  writer  and  no  report  of  their  occurrence 
in  North  America  could  be  obtained;  but  these  groups  are  distrib- 
uted so  universally  that  they  probably  will  be  discovered  in  this 
territory. 

KEY  TO  NORTH  AMEEICAN  FRESH-WATER  ALGAE 
Class  I.    BadUariaceae  (Diatoms) 

Color  yellow;  plant  a  single  cell,  sometimes  united  into  chains;  membrane 
silidfied,  with  minute,  definite  markings. 

These  are  uniceUular  algae  but,  by  means  of  a  gelatinous  substance,  are 
frequently  held  together  in  bands  or  masses.  The  membrane  b  silicified, 
mafcing  it  hard  and  rigid.  It  is  always  composed  of  two  parts,  valves,  which 
may  be  separated  from  each  other  and  which  are  often  compared  to  a  box  and 
its  overlapping  cover;  the  side  where  the  edges  overlap  is  spoken  of  as  the 
girdle  side,  while  the  outer  surface  is  referred  to  as  the  valve  side;  this  and, 
more  rarely,  the  girdle  side  also  are  sculptured  with  fine  striattons,  dots, 
dotted  lines,  and  grooves.  Many  have  extending  lengthwise  a  conspicuous 
line,  the  raphe,  which  frequently  bears  at  its  middle  and  both  ends  rounded 
portions  called  nodules. 

Reproduction  is  by  auxospores,  either  sexual  or  asexual.  The  asexual 
are  formed  by  the  contents  of  a  cell  collecting,  thioyring  off  the  membrane, 
and  forming  either  one  or  two  spores.  The  sexual  auxospores  are  formed  by 
the  throwing  off  of  the  membrane  and  the  copulation  of  two  cells  in  one  of  the 
following  ways:  (a)  Two  ceUs  divide,  making  two  pairs  of  daughter-cells;  each 
individual  of  one  pair  fuses  with  one  from  the  other  pair,  thus  making  two 
^Ktres.  {b)  Two  cells  unite  to  form  one  auxospore.  (c)  Two  ceUs  come 
together  but  do  not  copulate;  two  auxospores  are  formed. 
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1  (g,  to)     Valves  circular,  raphe  lacking,  markings  radial a 

2  (5)    Cells  cylindrical  or  ellipsoidal,  united  into  filaments.    Valve  side  drcu- 

lac,  either  convex  or  flat.   .    .  Family  Melosiraceab  .    .     3 

3  (4)    Cells  with  no  ^ines  or  teeth;  valves  either  smooth  or  punctate,  usually 

convex;  gitdle  side  punctate.     ....    Mtlasira  Agardh. 

cry  commoD  in  ponds,  riven,  Ukn,  and 
_  Kcun  in  gnU.  quandcics  in  the  planktcin. 
llie  glamcats  >re  oitEn  very  long,. 

FIC.69.    ITdrinn  Miuai  Acudh.    X6ao.    (OrigiuL) 

4  (3)    Cells  similar  to  those  of  Melosira,  but  with  a  drcle  of  tooth-like  pro- 

jections between  the  valve  and  girdle  sides. 

OrtAonra  Thwaites. 


Van  Heiml  and  West  Include  OrlMatira  uoder  Udatira,  wbi 
many  otben  make  a  separate  genus.    The  Orikoiira  forms  ai 
]  in  the  ume  localities  w  lidftira  but  tm  mach  le 


S  (3)  Cdla  single,  disc-shaped,  not  forming  filaments;  valves  flat,  convex,  or 
undulating,  mostly  with  radial  raws  of  punctulations. 

Family  Cosonodiscaceae  .   .    6 

^  (7>  8)  Valves  circular  or  nearly  so,  with  radiating  rows  of  dots  or  areola- 
tions,  the  disc  with  a  distinct  edge,  usually  bearing  a  circle 
of  inconspicuous  submarginal  spines. 

CoscitwdUcus  Ehrenberg. 


The  number  oF  species  of  GucuMiiiucMJ  a  1 
marine,  although  some  occur  in  fish  water  1 


V  large,  n 


istly 


CascmtiiicHt  a^atlatiu  Ehnoboi,     X  us.    CAha  Wolb.) 

7  (6,  8)  Valves  circular,  showing  a  central  smooth  or  punctate  area,  and  an 
outer  margin  of  radiating  striations.  Girdle  view  with 
undulating  ends Cydotdla  KUtzing. 

The  cells  are  disc-lhaped  and  are  ttistingulshcd  from  other  disc- 
I  H  H  shaped  forms  priadpaliy  by  the  smooth  or  punctate  center  and  the 
I  r>l|       undulating  ends.     It  is  found  commonly  in  the  plankton. 

Flo.  ;i.    CyiUiaa  ctmUa  KUIiing  vu.  afmi  Grim.    a.  Valve  side;  i. 
(irdle  side.     X  4M-    (Aits  Scfaatt  aui  van  Heurck-GiUMW.) 
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8  i^t  7)    Valves  circular,  with  radial  lows  of  dots,  between  which  are  clear 
^>aces;   center  either  punctate  or  hyaline;    on  the  margin 
a  cirde  of  acute  spines;  girdle  view  with  undulating  ends. 
Slepkanodiscus  Ehrenberg. 

The  length  of  the  iplnea  on  the  mugini  of 
the  cells  varies  greatly;  in  <oiiie  spedei  they 
ue  ihort  and  acute,  while  in  otben  Ihey  may 
excxed  the  diuneta-  of  the  cell  many  times. 
SUfkanadiscui  occurs  fiequeotly  in  the  pluik' 
ton,  but  usually  not  in  great  quantities. 

A  B 

10)    Valves  more  or  leas  cylindrical,  often  in  chains,  ends  greatly  ex- 
tended, usually  forming  long  spines. 

Family  Rhizosoleniaceae. 
Only  one  genus. Shnosoknia  Ehrenberg. 

RhhHtliiih  trlouU  H.  Smith.    X  190.    (Afta 

10  (i,  9)  Valves  not  circular  or  cylindrical,  of  different  shapes,  symmetrical  in 
reference  to  a  longitudinal  or  transverse  axis;  surface  marked 
by  costae  or  punctate  lines  making  definite  angles  with  a 
middle  raphe  or  a  median  line 1 1 

it(34>3B)  A  middle  nodule  present  on  the  raphe  of  both  valves.  ...  la 
See  also  40  and  65. 

13  (33>  3^)  Girdle  view  symmetrical  with  reference  to  both  a  transverse  and 
a  longitudinal  axis 13 

13  (16)     Valves  not  arched  or  keeled;  usually  symmetrical  with  reference  to  a 

straight  or  a  sigmoid  raphe.     Family  Naviculaceae  .  .     14 

Vahts  symnKtrical  with  lefenDce  to  a  straight  or  curved  middle  line;  girdle  ■ymmetrlaU 

with  reference  to  both  axes;  a  straight  or  curved  raphe;  a  cealraJ  and  two  end  nodules  preseat. 

14(15)     Cells  without  inner  partitions;  raphe  and  valves  straight.  .    .    .     16 
15(14}    Raphe  and  valves  sigmoid PUurosigmaVf.Staiiii. 

X  300.    (Afttr  Smith.) 

16  (19)    Cells  linear,  oblong,  with  rounded  nodules,  the  two  end  ones  turned 

toward  one  side,  the  prominent  costae  not  punctate. .  .     17 

17  (iS)    Tile  costae  interrupted  by  a  plain  band  at  the  center. 

Slauroptera  Ehrenberg. 

18  (17)    The  costae  not  mtermpted  at  the  center.     .   Pinmdaria  Ehrenberg. 


teitb.  X<m.  [OHciiiiL) 


19  (rfi)    Cells  more  lance-shaped,  the  end  nodules  not  turned  toward  0 
side.    Stiiations  composed  of  lines  of  individual  dots.  . 


.dbyCoOgIC 


m  FRESH-WATER  BIOLOGY 

o  (33, 34, 35)  Ceotial  nodule  sm^l,  rounded,  or  slightly  doogated.     ...  31 
1(39)    No  lateral  lODfptudinal  areas  of  transverse  septa.  .  .    Ntmttiia  Bory. 

A  form  whicb  grows  ii 
aulhors  as  n  diSeient  gc 
a  true  N&vicula. 

Fio.  yi-    Naiaitt  rkflioctfliala  KOiziiig.     X  f  JI-    (OritbtaL) 

3  (31}    Two  lateral  longitudinal  areas  of  transverse  septa.    Mostly  imbedded 
in  a  gelatinous  pseudothallus.     .   .   .    Maslogloia  Thwaites. 

In  sh&pe,  Maile^oia  resembles  Nancala.  but  is  distinguished  (roin  It  by 
the  gelstioous  cDvelope  and  the  presence  of  lateral,  transverse,  ulkeous  septa 
or  i^tes  which  divide  the  lateral  regions  of  the  cells  into  small  comput- 
meots.  There  (le  transverse  striations  on  the  valves.  It  is  not  a  very 
commDn  genus  in  America. 


Fn.78-    Mtslellma  to 


33  (30,  34, 35)    Central  nodule  broad,  extend 


raila.    X  about  joa.    {After  Snith.) 

ng  to  near  the  margin  of  the  valves. 

Stauronds  Ehrenberg. 

Staunmeis   occurs  frequently  in  all 

bodies  of  wBler  and  is  a  constituent  ,o( 

the  diatomaceous  flora  which  forms  large 

ailkeous  deposits  at  the  bottom  of  lakes. 

Fid.  79,    SlMrontii  amtpi  El 

X  ^00-    'Onginiil.) 


35  (ao,  33,  34)  Central  and  end  nodules  elongated,  enclosed  with  the  r^he 
between  two  longitudinal,  parallel,  siliceous  ribs.  Frua- 
tules  sometimes  borne  in  gdatinous  tubes. 

Vanheurckia  BrSiisson. 


26  (13)     Valves  asymmetrical  with  reference  to  the  raphe  or  to  a  lon^tudinal 
axis;  raphe  arched,  or  nearer  one  margin  than  the  other. 

Family  Cymbellaceae  .    .     37 
37  (18)     Valves  greatly  convex;  girdle  side  elliptical  or  oval. 

Amphora  Ehrenberg. 

Van  Heurck  regards  A  mpkora  as  one  ol  the  most  difficult 
rnneni  o(  dialoms  and  notes  that  over  mo  species  have 
been  placed  in  this  genus.  It  is  believed  that  it  oaifi- 
nated  from  Cymbella. 

Fio.  Si.    Amflun  malii  Kfltang,     a.  Valve  wle;  b.  girdle 
side.    xeeoTlOrigluL) 

S  (37)    Valves  flat  or  only  slightly  convex. 39 
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ag  (30,  51)    Raphe  straight  or  bent,  ending  in  the  middle  of  the  valve  ends. 
Cells  free Cywfetfo  Agardh. 

Cymb^la  varies  in  shape  from  that  of  ■  tyjwal  Canada 

^^^s==FYTT^j=5>j^  to  one  stnm^ly  anihed,  and  they  have  BomctimeB  been  styled 

^^^<^ifSlvMl/////M^^}n^    aa  Lsymmetncal  Namaila3.    Siune  authors  include  the  geniu 

^^7?/// 1  111  ndiv^i&f^^    Cxamtma  under  Cymbdia,  but  the  name  Coccomma  is  the 

^sZv/////Aw\\W^^^     older  name  aod  should  be  retained.    WoUe  report*  »s  spedes 

Fm.  S3.    CymJMa  oiifiiJKa  KUtiiag.    X  Coo.    (Oridnil.) 

3f>  i.^9t  31)     Cells  much  as  in  Cymbeila,  but  usually  larger  and  borne  on 
gelatinous  stalks. Cocamema  Ehrenberg. 

•ilatmm  Ehrm- 

aWot.) 

I  (39,  30)    R^he'  straight,  not  ending  in  the  middle  of  valve  ends.     Cells 
living  in  gelatinous  tubes Encytmemo  KUtzing. 

Fn.  Sj.      Emcytmimt  aimnoUii  RabcDlnnt.      XiM. 
(After  Wolk.) 

3(13,36)    Curdle  view  asymmetrical  with  reference  to  a  transverse  axis, 
the  outline  being  wedge-shaped. 

Family  Goufhoneiuceae  .    .     33 
3  C35)    Girdle  side  straight Gompkonema  Agardh. 

Pb>.  86.     CmiMsihiiu  aewnJiMiMM  Ehienboi.    a.  Vilve  liik: 
b.  gftdb  lUe.     X  fine.    (Odiinl.) 


4(11,38)    A  middle  nodule  and  a  raphe  present  on  but  one  valve.   .   .    35 
5  (33)    Girdle  ^e  curved;  otherwise  similar  to  Gompkonema. 

RJiokosphenia  Grunow. 

The  two  valves  an  unlike  in  shape  and  in  the  fact  that  the  lower  valve 
poraeases  a  raphe,  a  centi*!  and  end  nodules,  wUle  the  upper  valve  posaeases 
only  a  pseudo-raphe  and  is  without  nodules. 


Fm.  St.    KJitlctittmic  a 


(Aha 


6  (39,  37)     Girdle  view  symmetrical  with  reference  to  a  transverse,  but  not 
to  a  longitudinal  ajds,  the  cells  being  arcuate  and  attached 

to  hi^er  aJgae Family  Cocconeidaceae. 

Only  one  genus  kLown Cocconeis  Ehrenberg. 

Valvea  oval  or  dliptical.  symmetrical  with  reference  to  both  axes;  raphe 
slrai^t,  with  middle  nodules  but  without  end  nodules.  Markinga  of  funt 
longitudinal  punctate  lines;  ^rdle  and  end  views  both  curved. 

Fia.S8.    C^KfMifi  fiAniliu  Ehrenberi.     X6ao.    (OiigluLl 
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37  (36)    Girdle  side  geniculate.    Valves  strai^t,  linear,  or  fusiform;  fnu- 

tules  either  free  or  stalked.    .    .      Family  Achnanthaceae. 

Only  one  genus Achnantkes  Boiy. 

CcUl  M  curved  that  the  two  va.lves  are  not  alike,  the  one  coDcave  with  raphe,  middte  and 

End  nodules;  the  other  convex,  withoutaniiddie  nodule,  but  withapseiido-rHphe.  Ginllevieir 
lymmetiioiJ  with  reference  to  a  transverae  axis.  Cells  single  or  in  bands, 
mostly  on  i^elatinous  stalks. 

The  celts  may  be  solitary,  thouKh  they  usually  form  lon^  sessile  chains  or 
bands  atlached  lo  the  surface  of  green  al^.  The  geuus  includes  both  marine 
and  Iresh-watei  iorms. 

Fm.  89.    ^efawiiMn  fotti  KOtang.     XGoo.    (Origiiul.J 

38  (it,  34)    No  middle  nodule  present  on  either  valve,  except  in  CtraloneU, 

or  at  most  consbtingof  a  slight,  ring-like  elevation.  .  .     39 

39(40,41,61)  Valves  asymmetrical  with  reference  to  a  longitudinal  axis,  in 
that  on  one  rnargin  there  is  a  longitudinal  row  of  bead-like 
thickenings  (keel  points)  while  on  the  other  margin  they  are 

lacking Family  Nitzschiaceae. 

Only  one  genus NUischia  Hassall. 

Valves  linear,  aometimci  curved,  keeled,  with  canal  raphe.    Cells.  [hombcHdal  in  cnas  sec- 

;-—"■" ' "" ■""■'" ■'■.—-  F1O.90.  ffaueKaJinMrij  Smith.  X  SIS- 

■ -^  (OrigiiiaL) 

40  (39,  63)    Valves  with  median,  sigmoid  keel,  compressed,  strongly  arched, 

bearing  raphe Family  Aufhifrobaceae. 

Only  one  genus. Amphiprora  Ehrenbcrg. 


41  (39>  61)    Valves  symmetrical  with  reference  to  a  longitudinal  axis  .  .    43 

43  (47)    Valves  each  with  two  wing-like  keels,  strongly  costate,  with  pseudo- 
raphe  but  no  nodules.  .    .     Family  Sdkireixaceae  .    .     43 

Cells  mostly  large,  ovate,  or  elliptical. 

43  (44)    Cells  bent  in  saddle  ^lape Campylodiscus  Ehrenbcrg. 

Thcnigh  the  shape  of  the  cells  seems  more  or  less  tri- 
angular, they  arc  in  reality  circular,  and  their  seeming 
angularity  is  due  to  the  curvature  of  the  frustules.  It 
Es  a  very  large  genus,  some  g2  species  having  been 
recorded;  the  species  are  mostly  marine,  though  a  number 
are  found  in  fresh  water.  Thdr  large  faze  makes  them 
unoDg  the  most  consiacuous  of  the  diatonu. 

Pio,  93.    CamtyUiiaa  eritntw  W.  Smith.     X  about  3<». 
(Afts  Smith.) 

44  (43)    CeDs  not  bent  or  ^>iTalIy  twisted 45 


.dbyCoOgIc 


THE  FRESH-WATER  ALGAE  I3I 

45  (46)     Valves  blowing  a  wave-like  margin  in  girdle  view. 

Cymatopleura  W.  Smith. 

Thia  is  a  luge  diatom  which  Is 
ttMy  recognized  b}'  the  undulat- 
A      ins  outline  o(  the  girdle  side. 

The  geous  U  rather  small,  and 
WoUe  reports  but  seven  species. 

i^ii)iwil|iiiiin)iMMiiyiii«ilj^  side.    XCoo.    (OiwuL) 

46  (45)     Girdle  view  without  wave-like  margins SurireUa  Turpfn. 

/^^^^^^.OniWff/?/?/M^^  This  genus  b  widely   distributed 

~ — species  are  very  large  and  conspicu- 

□us,  especially  m  the  planlcton. 

Fid.   94.      SMtinlla  if.   Smith.      » 
Vain:   Me.     i.    giidk  >id«.      X  sSi 

47  (43)    Valves  without  keels. 4^ 

48  (59)     Cells  without  deep  inner  partitions  sometimes  with  imperfect  septa.  4g 

49  (55)    Valves  with  transverse  costae 5° 

50  (S4)    Valves  symmetrical  with  reference  to  a  transverse  aris.' 

Family  Diatouaceae  .    .     51 

Celts  symmetiical  with  reference  to  both  ares,  borne  in  Itmg  chains;  tiaosvene  atriationa 
distinct  and  unintemipled  except  in  some  cases  by  a  longitudinal  plain  band- 
Si  (S'l  53)     Valve  side  oval  or  Uaear,  transverse  markings  tminterrapted, 
ejrdle  side  rectangular,  cells  mostly  in  zig-zag  chains,  some- 
times in  short  filWent Diatoma  de  Candolle. 

, — j^'^^^*^ .^V.'fN   rr^  s       Fio-SS-  iW4lB-»i*nwUMiAg»rdh.    a.  Valve 
y^ZJ^  ^^  ^'C^'C\y^  ^   ^^-    »*hdleiide.     X^»ut>o.    (Alt«  W. 
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S>  (S'l  53)     Characteristics  ^milar  to  those  of  Dialoma  except  that  the  aiSa 
are  home  in  ribbons Denticvla  Ktltzing. 

The  valves  ore  mickcd  by  heavy  ribs  which  aie  in  reality  shallow 

#& — .1-      MpU,  betweea  which  ue  dcUcatc  striae 
^S    piiiiiiiiii.i[  Dentiada  occun  on  wet  rocks  and  in  fresh  water;   sometimes  also  in 

W   r?^™p      brackish  water. 
,  „  Fn.  96.     Dmiaila  im/ltla  Smith,    a.  Valve  side.     b.  prdk  tide. 

a  0  X  600.    (Ori(iiuil.l 

53  (S'l  52)    Ghaiacteristica  as  in  Denlkula  except  that  the  striatJons  are  in- 
temipted  in  the  middle Odontidium  Kiltzing. 

Many  place  the  memben  of  this  genus  with  Dialoma,  while 
others  reEard  the  interrupted  striae  and  the  formation  of  ^oit  Sla- 
ts instead  of  ag-z»g  chains,  sufficient  diflerences  to  place  them 
separate  genus. 


54  (50)    Valves  asymmetrical  with  reference  to  a  transverse  axis. 

Family  MERmiONAceAE. 
Only  one  genus Meridion  Agaxdh. 

Both  valve  and  girdle  sides  wedge-shaped,  fonniog  ring- 
like  or  fan-sbaped  bands;  striations  unintetTupted. 
There  are  imperfect  transverse  septa  which  are  con- 

fipicuous  on  the  valve  skle  but  show  only  laterally  on 
the  girdle  side.    Between  these  on  the  valve  side  are  fine 
punctate  slriae. 
Van  Heurck  thinks  ttus  genus  ought  to  be  suppressed. 
It  differs  from  Dialoma  only  in  the  cuneate  shape  of  the 

Fk).  gS.     Miriium  amUricfum  RilEi.    X  ju.    (After 

55  (49)    Valves  without  transverse  costae. .  Family  FitAGiijuaACEAE  .   .     56 


56  (57)  5^)     Cells  very  slender,  not  united  in  bands,  either  free  or  attached  at 
one  end,  forming  dusters  on  higher  algae. 

Synedra  Ehrenberg. 


57  (5*^1  5^)    Cells  forming  bands  or  zig-zag  chains.    .  .     FragUaria  Lyngbye. 

FragHaria  is  a  common  genus  oc- 
cniring  in  ponds,  reservoirs,  and  lakes. 
J',  cntoimuu  has  been  known  to  occur 
in  such  quantities  as  to  form  water 
bloom,  producing  a  thick  brown  scum 
00  the  surface  of  a  lake. 

Ftc  ISO.  Fniiiaria  fmfoiuiHii  KiUoo. 
a.   Valve  sid.:.     i,   ^^   side.      X  >1J- 
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8  {s6,  57)    Cdls  ananged  in  the  form  of  a  star.  .   .   .     Asterioneiia  Hassall. 


The  ladi&l  arraDgement  of  the  cells  is  due  to  the 
preaence  at  the  inner  ends  ot  small  mucoua  cushkiiu 
wUch  unite  the  cells  in  this  miinner.  The  cells  are 
lincBT.  unequally  enlarged  at  tbe  ends,  capitate  in  the 
valve  view  and  Iruocate  in  the  girdle  view.  The 
valves  are  marked  with  delicate  Btriationi. 

AiifriatieUa  a  conuDOD  ia  ponds,  lakes,  and  mta 
It  ia  especially  (re^ueat  Id  the  planktoo. 


no-ioi.    AjUrintOairacHUmaHiibBt.    X  it 


5Q  (48)     Cdls  with  interrupted  inner  partitions. 

Family  Tabellasiaceae  .    . 


60  (61)     Cells  slender,  valves  with  only  punctate  striations. 

Tabdlaria  Ehrenberg. 

The  ionn  partitions  appear  in  the  girdle  view 
u  distinct  lines  which  are  not  always  equally 
developed  or  opposite  each  other  at  the  tvo  emu 
of  the  cell.  At  the  interruption  of  the  partitions 
at  the  center  the  valve  sidei  show  an  inflation. 

The  zig-zag  chains  of  Tabdlaria  arc  coDspicu- 
ous  in  almost  all  collectioDS  of  algae. 


Flo.  1 


la  KDtilDg.     a.  Vah^e 


side.    b.  girdle  lide.    X  boo-    c.  ifaDwing  chuacteriMic 
airangemcst  of  cdt.    X  about  150.    (OnsiuL) 


61  (60)    Cdls  bioader,  with  distinct  transverse  costae. .   .     Tetracycius  Ralfs. 


Aside  from  the  ii 


ted  ii 


titions  there  are  also  Uansveise  septa 
which  appear  on  the  valve  sides  as  costae^ 
between  wluch  an  very  (aint  striae.  The 
septa  are  mote  numerous,  and  tbe  cells 
more  cnidform  thanin  Tab^laria;  they 
occur  also  in  bands  instead  oi  in  zig-iag 

Ro.    Id].    Tttncichu   laoulru  KilEs.     a. 
Valve  lide.    6.  ginDe  side.    X  joo.     (After 

^  (39)  4')    Valves  asymmetrical  with  reference  to  a  longitudinal  axis,  the 
cells  being  mare  or  less  arcuate. 

Family  Epithehiaceae  .   ,     63 
Valve*  ouved,  UMtally  wfth  dotted  transverse  striations,  sometimes  also  with  traiuvene 
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6$  (64,  fis)     Transverse  coatae  coarse,  converging,  projecting  inward,  often 
with  lines  of  dots  between.    .    .    EpUhemia  Br^bisson. 

Fn.  lot.     Etilktmii  Imrtiit  KfUaaf, 


<S4  (<^3>  ^S)    Transverse  stciations  punctate;   end  nodules  present,  but  raphe 
wanting. Eunolia  Ehrenberg. 

<^"'"'-  -   ''\^  F».ios.    Emulia  fctlmam  DHHiya.     5<6as.    (Origbul.) 

65  (63,  64)    Valves  crescent-shaped,  the  raphe  very  near  the  concave  margin, 
with  end  and  middle  nodules.     .  .   .  Ceratowis  Ehrenb^. 

rbere  U  but  ■  sn^le  ipedes. 

Fia,  id6.    Cmlutm  omu  KUtiiDa.     X  600.    (OrtfiuL) 

Class  U.     Chlorophfceae 

Color,  a  chlorophyll-green. 

This  group  includes  by  far  the  greater  number  of  forms  of  algae  in  fresh 
water.  It  b  so  large  and  the  characteristics  of  the  different  members  so 
varied  that  no  characterization  of  the  group  as  a  whole  will  be  attempted. 


^  (333)    Plants  fine,  relatively  si 


3  (67)  Plants  of  imbianched,  septate  filaments,  slippery  to  the  touch;  or 
plants  of  single  cells  of  two  exactly  symmetrical  parts,  some- 
times united  into  filaments.  Chlorophyll  in  spiral  bands, 
central  plates,  or  star-shaped  bodies. 

Order  Con]iigale>  .    .     3 
PiUmenloui  or  unicelluUx  algae  whoK  leptoducttoa  cc 
where  die  cootcota  ol  two  celli  which  are  exactly  alike,  a 
rriermce  to  siw,  unite  to  form  a  sin«le  ceL.  the  ivgospore. 

Some  authors  would  place  the  BacSlariacMe  under  this  group  on  account  ol  the  union  which 
takes  place  before  the  lormatioii  of  the  spore,  but  as  they  differ  in  many  respects  Ifom  the  dis- 
tinctive members  ol  this  group  they  have  been  placed  in  a  group  by  themselves. 

3  isg)    Plants  unicellular,  occasionally  united  into  filaments-,  ceUs  constricted 

at  the  middle  or  not;  one-half  of  each  cell  exactly  symmet- 
rical with  the  other  half;  2,  4,  or  8  individuals  from  a  germi- 
nating zygospore Family  Desiodiaceae  .  .     4 

The  membrane  mosdy  furnished  with  tiny  pntubenuiccs  and  pores,  both  with  a  definite 
•imiganent;  chromatophore  radiating  from  or  including  one  or  more  pyieooids.  Asexual 
rcfiiroduction  by  the  separation  of  the  halves  of  (he  cell,  between  whidi  two  new  halves  are 
formed,  each  attached  to  and  identical  with  one  of  the  oMer  halves.  In  sexual  reproduction 
two  ceUs  come  together,  throw  (^  thdr  membranes,  and  their  coatents  unite  to  tonn  a 
lygoqwre.    This  is  usually  furnished  with  conspicuous  odoilesi  gpines. 

4  {«)     Cells  after  division  united  into  filaments J 
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5  (11)    Cella  cylindrical,  with  no  constriction,  or  at  moat  a  very  shallow  and 

broad  constriction,  giving  a  slightly  undulating  outline.     6 

6  (7, 8)    Cdls  not  longer  than  broad,  sometimes  with  a  very  shallow,  broad 

constriction;  chiomatophore  central,  with  6  to  10  rays  about 
a  pyrenoid HyaloHieca  Ehienberg. 

HIuTKQts  long.  0(101  twiated,  and  ilipniy  to  the  toudi. 
The  diSennt  dianieten  of  the  cells  aeany  K[Ub1,  voting 
from  to  to  35 II,  The  mediui  constrictioa  often  very  slight. 
A  ChmmstolAorc  in  esch  cell-luU  of  ndiatinc  pUles  placed 
■bout  a  [wrenoid. 

A  broaid  gdslinom  envelop  b  *hreyi  praent  but  It  is  1d- 
vlsibte  without  reagents. 

Byahlhtca  is  frequent  amooK  filamentous  forms  of  the 

Fm.  lOT-    HjalartM  MaiUmi  firfUHW.    s.  Mt  vinr.    ».  md 
view.    X  S7S-    (Ori^ul.) 

7  (6, 8)    Celli  but  little  kmger  than  broad,  attenuated  at  the  end. 

LeptoMOSma  Tunier. 
FHaments  long,  catenifbnn;  not  twisted,  or 
but  ilwhtly  so.     Joints  tmited  by  a  stnmgly 
marfced  suture;   near  to  Bambiuciiia  KUtang. 
but  difierinK  therefrom  in  the  suture. 


O' 


(AltBTuniB.) 

8  (6,  7)    Cells  much  longer  than  broad 9 

9  (10)    Chromatof^ore  a  central  plate  containing  a  row  of  pyrenoid*. 

Gonaiotygon  At  Bary. 

Lcncthof  c^iooto  100^;  breadth  I  □  to  10  u, 
much  like  a  cell  of  Uaugtolia  eicept  that  the 
membrane  is  covered  with  minute  pcojectitxu; 
no.  loi).    Cmalfyiai  r^ftU  de  Bur.  cells  sometimes  slightly  swollea  at  the  cods. 

X  about  lyi,    (After  dt  Bary^> 

o  (9)    Chtomatophores  consisting  of  several  parietal  spiral  bands. 

GeHicularia  de  Baiy. 
Diuueter  of  cetit  17  to  ii.j  m:   length 
10  to  90  times  as  great.    Membmne  cov- 
ered wfth  fine  pcoiectionta*  In  CmaMytpm, 
Fn.  lu.   CmlnHtrit  iflnlamlt  BrfMaon.    XsCs-   Spii^duomaloihoreswithmaiiypyrawMlt. 
<Alki  Ik  Baiy.) 

II  (s)    Cdb  not  cylindrical 13 

ta  (19)    End  view  of  cells  circular,  oval,  or  el%tical,  rarely  triangular.    .     13 

13  (16)    Cells  not  deeply  constricted  at  the  middle 14 

14  (15)    Cdls  cask-shaped,  placed  end  to  end,  with  a  shallow  narrow  a>n- 

striction  at  the  middle;  end  view  circular,  with  two  oppo- 
sitely placed  projections Gymtiotyga. 

The  membrane  frequentb'  shows  longitudinal  stripes. 
Chromstopborea  in  each  ceU'haU  compMed  of  a  number 
of  ladially-placed  jAaXta  arranged  shout  a  pymoid  at 

Fniii.  C:(iiM«]iiatr«u)M«Non]>tedl.    X  I«i-  (OtVnaLl 
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15  (14)    Cells  not  cask-shaped,  with  a  narrow,  shallow,  central  constriction; 
end  view  elliptical  or  triangular,  ends  tapering  or  round. 

Spond^ositim  Archer. 

Cells  loto  iifi  broul;  g  togfi  loiif.  cellsUperiDfrtowirdl 
tlir  ends.  Membnuie  smooth  or  with  sli^C  promincDcci. 
A  pyrenoid  in  eicb  ceU-faalf.  about  irtiicb  nliliate  from  4  to  A 
chlorophyll  pislcs 

The  cells  of  the  fikmenU  ue  united  by  tbr  close  adber- 
CDce  oi  the  apices  of  tbe  ceUs.  The  filaments  ore  fiequeotly 
Iwisled  and  enveloped  !□  mucus. 

Fn.  Ml.     Ste^ylaiam  papiOahuu  W.  tnd  G.  Wot.      X  600. 

(Oiwiul) 


16  (13)     Cells  deeply  constricted  in  the  middle. 


17  (18)  Cell-halves  acutely  pointed  or  oval;  upper  and  lower  surface  of  each 
end  fuiiushed  with  a  ^une  which  meets  a  similar  one  on  the 
adjoining  cell;  end  view  fusiform.  .    .     Onychonana  Wallich. 

Narrow  spines  frequently  present-  In  e&di  cell-half  a  single  axial 
diiomatopbore.  composed  of  radiating  plates  t/aaM  a  central  pyrenoid. 

OmydumtoUi  occurs  in  swampa  uid  ponds  but  is  Dot  of  very  fre- 
qnent  occuirence  in  America. 


6  (17)    Cell-halves  oval  in  outline,  with  a  deep  central  constriction;   cells 
imited  into  filaments  by  small  tubercles. 

Sphaeroxosma  Archer. 
Cells  13  to  3J/1  broad  and  about  half  as  long,  end  view  elliptical; 

manbrasE  smooth  or  with  liny  waits  aeac  the  ends  □(  the  ciJls. 

Sphaemotmti  is  distinguished  from  SfondyUsium  by  the  cells 
bdng  united  by  tubercles  Instead  of  by  their  apices  directly. 

.S.  PaUkrun  tar.  ii\fl(iltim  Wolle  is  reported  by  WoUe  as  occur- 
ring in  such  quantities  as  to  color  the  water  green. 


.    Stkaereu 


.    (After  de  Bur.) 


9  (12)     End  view  of  cells  triangular  or  quadrangular,  seldom  oval. 


90  (ai)    No  space  at  the  center  between  the  transverse  septa;   cells  slightly 
and  narrowly  constricted Desmidium  A^dh. 

Filaments  long,  twisted.    Cellsfiatatthe 

ends.  (  to  I  as  long  as  broad,  so  constricted 

at  tile  center  as  to  give  a  scalloped  lateral 

outline  to  eadi  cell.    End  view  with  as  many 

.  there  are  angles,  from  each  t^ 


pyrenoids  u 
which  radial 
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SI  (90)    An  oval  (q>eiiiiig  at  the  center  between  tbe  transverse  septa. 

A  piogonum  Raif a. 
^  B  PiUnMdU  oftn  twuied.  celb  »li«brly 

ioa^a  than  bco«d,  witta  three  or  four 
projections  od  adi  end  wbidi  euctly 
meet  otbcis  on  the  adjoining  cdli.  uidf- 
diiiA  sligbtiy  axutrictcd.  Several  p 
mioids  in  eadi  nil,  from  w  ~  ~ 
tbeplate-like  diromatophoiet 

The  genus  j1  pfof Mum  ii  inauaea  oy 

many  under  Dtrmidiiim,  but  tbe  WM« 

at  the  center  betweeD  two  adjoining  cells. 

■"■    '    '   of  tbe  uuTOw  ceottal  cooitTUC- 

'   of  the  celb 

t  from  Da- 

116.    At4MnmitiaUtyiIttlh.    «.  ode 
.__.  .   t.^ndvlnr.    e.  Dptlol  Hctioa.    X41]. 
C  (CMgbaL) 

33  (4)    Cells  not  united  into  filaments 33 

33  (33)    Cells  not  constricted  at  the  center,  or  at  the  most  only  very  slightly 


94  (35)    Cells  crescent-shaped;  tapering  toward  both  ends. 

Closterium  Nitzacfa. 
Cells  varying  from  short,  thick  cells  swollen  in  the 

middle  to  very  slender  ceUa  sHDCtimes  bent  in  the 
shape  of  anS,  MembranesnKioth,oilongitudinally 
striated,  rarely  with  I.  ydkiw  hue.  ChnimatopbORS 
fa  each  ctll-balf  of  several  radially-placed  [dates. 
Including  one  or  more  rows  of  pyienoids;  at  each 
cod  a  large  vacuole  containing  moving  grsDulM. 
To.  117.  ClaslmwH  monOiftnm  vac.  cemitnm 
Ehrenberg.     X  ^bout  jod.    (Ori^naL) 


95  (94)    Cells  cylindrical  or  fuaform 16 

36  (37,  aS)     Chiomatophore  one  or  more  parietal,  spiral  bands. 

SpiroUunia  Brfibissoo. 


tsThuiet.    X36J.    fAftaWoL) 


97  (36, 38)    Qmnnatophorc  star-slu^>ed,  c 


a  each  cell-half. 

C^ttdrocystis  de  Baiy. 


Fn-tig.  C}llmlncy]lii  dlthitm  LaaiJL  XS7S-  (OrWoaL) 

aB  (961  37)    QiTomatophore  straight,  ample,  or  multiple 39 
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39  (30)    Giromatophore  a  single  azial  plate  with  one  or  more  pyrenoids. 

Maotaenium  NSgelL 


30(39)    In  each  cell-half  several  chlorophyll  plates. 31 

'  31  (33)     Margins  of  radial  plates  entire;  pyrenoids  central  in  each  celt-half. 

Ptnium  de  fiary. 


rictcd  at  the  middle,  ro 


itthccnds:  tenoth  1  too  times  the bcerndtb;  membnuie saraoth, 

Luctatiu  or  longituduwlv  Mn^fd;  d"       ■  -"■ .■!-■■- -■--.j 

tnut  >  krge  pyrenojd  in  each  cell-half. 


longituduwlv  Mriated;  chromttofdiores  radially  placed 
tmcmtmuimWm.    X  19>-    (AftsWot.) 

33  (31)    Margins  of  the  radial  plates  of  the  chromatophore  scalloped;  pyrenoids 
several  and  scattered Nelrium  NiLgeU. 


coDspicuoiu:   MTcDoids  not  lane  and  fonninc  1 
ndlatc;  as  m  Potmnh,  but  imalfand  scattered. 


Flo.  HI.    Sttrium  lanutrmm  Brtbom.    X  KO.    (Afts  KfadUwr.) 

33  (33)    Cells  constricted  at  the  center j4 

34  (43)    Constriction  at  the  sides  slight  and  usually  gradual 35 

35  (38)    Length  of  cells  usually  not  more  than  six  times  the  breadth.  .    .  36 


^_^______  Ce!Ustnught.lusifonn,orcyiindriai],sli«htlyand  broadly 

jtTIT'i  iLrt'.iiilr li "'jA^fvSi'.'it!?^    cooslricted  at  the  middle;  ends  rounded,  eadi  with  a  slight 
C*!P^*^8^'-ilBWWMJWifffj    linear  indsioo;  length  4  to  6  times  the  diameter.    Chroma- 

I  '  '  I'   f  I   I    li ''         tophore  axial  with  a  ungle  row  of  pyroioids. 

Fio.  iij.    rrfiMMfw  (nuyJiUm  lUlfc     X*6s.    (OliglHl.l 

37  (36)  CeUs  short,  ends  tnuKate,  constriction  rather  abrupt,  but  not  deep; 
chromatophore  of  longitudinal  bands;  pyrenoids  many, 
scattered Pleurotawiopsis  VundOl. 


w  iocludes  it 
( 130.   (Alter  deSacy.) 
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8  (37)    Length  of  cells  many  times  the  bieadth.     .  , 


g  (40, 41)  Cells  before  the  middle  constriction  swollen,  but  without  longitu- 
dinal flutings;  chiomatophore  of  radially-placed  plates,  with 
pyrenoids. PUurolamium  Lund^. 

Cells  itiajght,  (^lindrical,  aomewlut  Upei^ 
tag  toward  the  truiKate  eads.  Membrane 
smoolfa  or  with  mull  waxu;  at  esdi  end  > 
cobrlesi  vacuole  with  '!'"'•■";  panicles  m  in 


40  (39, 41)    Cdls  before  middle  constriction  swollen  and  with  lonf^tudinal 
flutings;  chramalophores  of  longitudinal  radial  plates. 

Docidium  Lundell. 


Flo.  ij6.    DvtiiiMm  iaaikm  Brfbiwon.     X  M5-    (OdcbuL) 

41  (39,  40)    Shape  of  cells  much  as  in  Pleurotaenium,  but  apices  broadly  cleft 
or  with  bidentate  processes Tripioceras  Bailey. 

CeDa  laiEe,  walls  cuverEd  with  rings  of  furcate  processes  or  small,  perpendicular  loositudi- 
oaOy-plBced  pUtes.    Sometimes  amfused  with  Doctdtum. 

Fu-tir-    TrifiKim  (r«eil>  Biikv.    One-hiU  o(  ■  ccO.    (Aftv  CmhmuL] 

41  (54)    Constrictions  at  the  sides  deep  and  abrupt 43 

43  (44)    End  views  of  cdls  3  to  several  angled  or  rayed. 

Slaurasimm  LundeU. 

Side  view  hour-glass  shaped  1  membrane  smooth  or  with 
warts  or  sinnes;  chronutoinores  in  each  celt-lutU  consisting 
of  radially.placed  plates  about  a  central  pyrenoid,  two 
plates  extending  into  each  arm  or  angle 

no.  iiS.    SlaurailniminmilalmiHUA    Xtoa     (Or^tasLi 

44  (43)    End  views  of  cells  compressed  or  elliptical,  often  enlarged  at  the 

center 45 

45  (48)    Cells  at  end  with  notches  or  linear  iociskms 46 
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46  (47)    C^  disc-shaped,  each  cell-half  with  three  or  five  lobes,  the  lateral 

onesofwhicb  are  more  or  less  deeplycut .  MicrasteriasAgfixdh. 

Cells  bmsdly  ova]  or  rounded  in  out- 
iiac.  Middle  cooMrictJon  deep,  Maw- 
times  (umiahed  with  i[aiKi:  Uteisl  lobes 
often  one  or  more  times  didiotomoudy 
divided,  the  lut  divisiaDi  unully  fut- 
niihed  irith  tpfnes.  Chnmuitophore  the 
fbrm  of  Che  cell,  in  whidi  ue  mlteced 
•even]  pyrenoidt. 

Fn-iig.  UicmUriaitcpiaifmBiBiimiB. 
One  biU  oi  ■  ttU.    X  jdj.    (CNdflMLl 

47  (46)    Cells  at  ends  with  an  indsioD  or  undulation,  end  view  eUipUcal  with 

one  or  two  prominences  on  the  sides.    .    .     Euaslrum  Ralfs. 

Cells  oblong  ci  elUptital,  with  deep,  middle  constrictioD,  and 
vtuiously  indsed,  ooncave,  or  miduliitiiig  nuugins.  End  view 
ovml,  with  one  or  mote  rounded  projection!.  Honbrane  some- 
times with  WMts  or  qiines.    Chiomstophore  uial. 

Fm.  ISO.    fiMannw  ilmm  Entniif.    X  SU.    KMciuL) 

48  (45)    Cells  at  ends  without  notches  or  linear  inciuons 49 

49  (54)     Cells  without  q>ine8 50 

50  (51)     Cells  free. Comarittm  Corda. 

CeDs  elliptical  or  drcuUi.  umetimes  with  more  or  less 
undulating  or  tapering  margins;  middle  constriction  deep  and 
linear;  end  view  ovaTor  diculai.  often  with  nMuded  (irojec- 
tklns.  Chtomatophore  in  each  <xll-half.  usually  of  radiating 
plates  about  one  or  more  pyrcorads;  membnuK  often  punc- 
tate or  with  minute  warts. 


51  (50)    Cells  united  by  branched  gelatinous  stalks,  fonning  cobnies  .  .     53 
53  (53)    Colonies  loose,  not  eaciusted  with  lime   .   .   .  Cosmodadium  NBgeU. 


CeDs  as  in  Cawuifi— 1,  but  borne 
by  didiotomouaty  ot  tiichotomoualy 
branched  gelatinous  stalks,  which  are 
united  to  form  free-swimming  or 
Bcsmle  colonies. 

The  colonies  are  invested  in  an 
indistinct  gelatinous  man,  less  dense 
than  the  Giaments  which  connect 
'  DCS  found  in 
and  lakes. 
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53  (59)    Cdony  a  compact  cushion;  stalks  encrusted  with  lime. 

Oocardium  N&geli. 

Celk  bnad,  middle  constriction  slight,  chromatophores  two, 
pynooid  in  each.  Stalks  dosety  placed  so  that  the  eovdoiniic 
tylinitriial  lime  sheaths  maice  a  h>>neycamb-lilte  structure. 

Tbey  are  unnetimes  branched  and  imbedded  in  the  free  end 
o(  each  ii  a  nnsle  cell,  placed  traiuvendy.  It  occurs  where 
water  uickks  over  limestone  rocks,  and  is  alio  reported  as 


5£Si.,x 


485.   Portloo  o(  Bgurt. 


54  (49)    Cells  with  spines 55 


55  (56)    Two  or  four  spines  on  each  cell-half  . 


Arikrodesmus  Ehienberg. 


imded  prommeDces.  - 

The  qilnes  in  ArlkroJaimu  are  all  ainaged  in  one  plane,  while  in  XaHlhid- 

m  they  ouy  be  arrangtil  in  two  planes. 

Fn.  1J4.    ArUtaUimiii  ctmirfiu  Ehnabai.     X  about  950.    (OrJtfniL) 


56  (55)    Two  lows  of  Strong  spines  on  each  cell-half 

57  (sS)    Spines  simple Xantfiidium 


Cells  oval  or  nearly  imind,  with  deep,  dottow,  central  constriction;  end  view 
elliptical,  often  with  protruding  aides;  membiane  with  two  rows  of  strong. 
boni-Uke  spines;  chrunatoi^re  parietal,  more  or  less  divided,  with  several 
pyicaoida. 

As  in  ArtlvmUtmut  the  presence  and  the  oature  of  the  qines  distin- 
guish the  genus  from  certain  qiecies  of  C0>tiii]rii«ii. 

Fn.tis.    XmlkiMtm/uacMtclmi  Ehrenben-     Xabostjoo.    (OrWiBiL) 

(57)     S[»nes  branched SckiucanAum  Lundell. 

Giaracteiistics  limilai  to  those  of  XaitAidiuiit.  except  that  the 
■pines  are  thick,  abort,  and  blanched  at  the  ends. 
{i^Sf-  West  bdieves  that  SMiaeanlluim   should  be   included  under 

'i^A         XaiMdituit  as  the  only  diSerencs  is  In  the  spines,  and  there  is  too 
B'-i^         nracbvaiiationintbeae,  bethinks,  to  make  separate  genera. 


59  (3)     Plant  filamentous,  t^lindrical,  only  one  individual  originating  from 
a  gcTminatmg  zygospore  .  .  Family  Zyoneiuceae  .    .     60 

CcIIb  cylindrical,  noited  into  filaments,  usually  found  near  the  surface  of  tbe  wata.    Clin>- 
matoidiores  different  in  different  genera,  but  all  whh  several  pyreooids.    Reproduction  seaual, 

--tR  by  the  oonjogBtioa  of  ceUs  in  two  parallel  filaments,  ladder-like,  or  lateral,  between  two 

"-  -■  -t If  filament.    PartheDOgene^  may  occur. 


occiurinc  by  the  oonjogBti 
iKj^UMring  cells  of  theaa 
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60  (64)     Id  coQJugatiiig  tlie  whole  of  the  contents  of  the  coDJugating  cells 

passes  into  the  zygospore.       Subfamily  Zyckeiieae  .    .     61 

61  (63,  63)     Chroma tophores  two,  axial,  star-shaped;  a  pyrenoid  in  the  center 

of  each Zygnema  de  Bary. 

CoDjugition  dtber  taddcr-likc  or  tateral:  Zygoqwre  within  one  of  the  conjugitiiig  celU. 
or  m  the  conjugiting  tube.  Accoiding  to  CoUuia  ipbiKisporcs  oiay  tMkt  tbe  pktct  of  lyga- 
ipoRi,  also  rtatjng  akinEtCB  with  granubt  contenti  aibd  thickened  membraae  may  be  fbuiid. 


63  (61,  63)     Chromatophore  one  to  several  parietal,  spiral  bands,  with  many 
pyienoids SpWogyra  Link. 

iteoftbecoojugatiiigcelli.    Puthcnovores 


Pn.  13S.    S^ntW  t—f  tmJat. 


63  (61,  63)    Chiomatophoie  an  azial  plate,  with  several  pyrenoids. 

^  Debarya  W^ittrock. 


^ 


three  parallel  lonsitudiiial  grcxives,  coonected  by  ladial  gtiiatioiu. 
Fio.  IJ9.    iWamiJj^iXniuWittra^.thDirliKtwDiyriqinca. 


64  (60)    Id  conjugation  only  a  portion  of  the  contents  of  the  conjugating  cells 
passes  into  the  zygospore. 

Subfamily  Mesocabpeae  .   .    65 
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65  (66)    Chiomatopboie  an  axial  fiatx,  with  several  pyrenoids.    Zygospore 

lens-shaped  or  flattened  and  angled,  in  the  conjugating  tube. 

Mougeolia  Wittrock. 


■kowinc  tbs  nuJKe  of  the  dtknipfajll  plUe.    i.  •hcnriiw  tbc  ed|a  of  tba 
cblofopDyll  pbtc    X  ibout  500.    lOii^iu].) 


.  produced  between  two  tnnsvene  q 
bnnes  near  the  center  of  an  elongated  ceU.  S 
mcmbiane  double. 


67  (3)     I^ants  unicellular  or  of   few   cells.     Chromatophore  one  or  more 

parietal  bodies,  rarely  centraL 68 

68  (190,  349)     Plants  unicellular,  or  of  few  cells  united  into  minute  families; 

frequently  imbedded  in  gelatinous  substance. 

Order  Protococcales  .    .     69 
Eacb  cell  curies  im  all  fanctiaiu  iiidq>eiideDt]y,  and  conipleiei  nas  be  regarded  as  an  aggre- 
gate of  individuals- 
Three  fbrms  of  reproduction  may  occur:    i,  purdy  vegetative;   9,  by  asexual  zoospores; 
3,  by  isogametes.    More  than  one  method  beiquently  occurs  in  one  spedci;   the  vegetative 
repcnducwHi  may  be  by  simpk  fissioD,or  iotemal  division. 

69  (S9)    Vegetative  cells  or  colonies  for  a  portion  or  the  whole  of  their  exist- 

ence motile Family  Volvocaceae  .   .     70 

70  (77)    Cells  single  or  in  clusters,  not  forming  a  definite  colony 71 

71  (71)     Cells  sjundle-shaped;  chromatophores  several,  indefinite,  with  two  or 

more  pyrenoids  and  a  pigment  spot.    ' 

CHorogonium  Ehrenberg. 


Celb  with  two  dliB;  membrane  very  tlun.  [Hginent  spot  in 
aoterior  part.  Numerous  vacuoles  and  several  pyrenoids  pn«eM. 
Division  transverse.  ReproducUoD  by  isogametea.  Wille  makes 
this  genus  a.sectkm  under  ddamydtmenai. 


aUmiM(H»  luMonm  Ehren) 


a.  143-    CUoniimmm 
X  about  300.    (Afts 
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73(71)    Cells  ellipsoidal  01  neaity  spherical 73 

73  (74)     Membrane  widely  separated  from  the  chromatophore  but  connected 

with  it  by  protoplasmic  strands.    Two  cilia  present. 

SpkaerMi  Sommerfeldt. 

ChroDUIophon  netted,  with  two  or  more  pyreuoidi  and  ■  pigment  spot. 
Amuil  reproduction  by  longitudinal  division,  iciuil  by  isogunetcs.  A 
palmell*  cooditioa  m&y  occur. 

Sfhatrdla  oltea  assums  s  ted  color,  dur  to  Ilie  presence  of  bemato- 
chrome,  utd  is  reported  in  a  few  cues  as  bdag  tbe  orguusm  causing  "red 
nin."  It  wu  also  supposed  that  S.  imaUi  caiuol  tbe  phenomeiua  ^  "red 
wow,"  but  the  form  described  by  Chodat  shows  the  chloroidast  as  lying 
dose  to  the  membnne,  so  this  is  probably  a  CUamyd«meiiai. 

Fib.  iw-    SpkinBa  >l»tialu  Flotow.    X  about  600.    (Afts  Schmidk.} 

74  (73)    Membiane  not  separated  from  the  chromatophore 75 

75  (76)    Two  dlia  and  a  pyrenoid  present.     Color  rarely  red. 

Chlamydomonas  Ehrcnberg. 


■i 


Cell*  elSpsoidal  ocaplieiical;  duomatopbore  nnglc,  hoUow,  paiietal;  a  pigment 
pot  and  two  dUa  at  the  anterior  end.  Keproduction  by  vegetative  division,  also 
y  copulation  of  gainetes  whidi  are  dther  alike  or  aligfatly  unlike  as  to  size.  Zygo- 
[lOtc  green  or  red.     The  products  of  tbe  v«etalive  division  may  pass  at  once  into 

matue  state  with  cilia,  or  m^  be  non-motile,  acci»ding  to  conditions  in  the  lur- 


76  (75)    Structure  as  in  Chlamydomonai  but  with  4  dlia.    Some  include  this 
IS  tmder  CWamydoflMMWM Cortma  Diesing. 

The  shape  of  the  cells  ia  the  diSerent  spedes  differ  rather  more 
than  in  CUamydamenai;  the  structure  of  the  cells,  howevei,  Is 
identical,  eic«)t  Cor  the  alia.  Spedes  also  occur  io  much  the  same 
localities  as  Chlamydemonai  but  are  less  frequent. 


,    Csruria  litata  DHL    X  about  4] 


77  (70)    Cells  tuiited  to  form  a  colony  of  definite  shape  which  is  constantly 

in  motion 78 

78  (79)    Colony  not  surrounded  by  a  gelatinous  envelop. 

Spondylomorum  Ehrenberg. 

Colony  of  16  cells  loosely  united,  tbdr  anterior  ends  alt  pcnntlng 
toward  one  point.  Tbe  cells  are  obovate,  with  4  dba  at  theii 
anterior  olds,  a  pyroioid,  and  a  pigment  spot.  A  new  colony  of  16 
originates  by  succeaaive  division  from  a  vegetative  cell. 


79  (78)     Colony  surrounded  by  a  gelatinous  envelop 80 

80  (83,  88)     Colony  not  spherical  or  ^heroidal 81 
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81  (81)    Cdony  a  plate  of  4  or  iti  spherical  oells  in  a  sin^e  layer,  each  with 
3  dlia.    Boundary  of  gelatinous  envelop  not  distinct. 

Gonium  M  tiller. 

Cellsoval.  with  tiro  dBa  and  m  pigmentspot.  Ctuonu- 
tophore  sagk,  ptuieUl,  boDo*.  witb  one  pyienoid.  Re- 
production by  lucccanve  divinoDS  of  each  cell,  Coiming  a 
new  colooy;  olao.  Bcoonting  to  West,  by  isogametes. 

Cinniuii  19  one  of  tbe  commonest  of  the  VolvnacEu, 
ocouiing  in  almost  all  ponds  and  lakes.  It  is  also  one 
of  the  most  beautiful  of  the  group,  as  the  colonies  u 


te.  I4T-    Cmjm  tKknIt  HUOa.     X  no-    (Alter  WaL) 

a  (81)    Colony  flattened,  anterior  portion  rounded,  posterior  ptirrion  with 
tfai^e  wait-like  projections Platydorina  Kofoid. 


Aotcnor  and  posterior  poles  of  nurar  aiis  are  diSeienliated 
by  tbe  arransement  of  the  cells  and  by  the  structure  of  the 
eavdope;  long  and  short  transverse  aies  differentiated  by 
the  flattening  of  the  colony.  Cells  . similar,  bi-flagellate, 
each  with  stigma,  chromalopliore,  and  pyreooid.  Aseiual 
reproduction  by  repeated  divisioD  of  all  the  cells,  each 
ioiming  a  daughter  colony," 

Fid.  14S.    Plclyirriiu  f««Ma  KiAiM.    X  618.    (Afta  Kotoid.) 

83  (80,  88)    Colony  spherical  or  spheroidal,  but  small.    Cells  not  numerous.   84 

84  (8s,  86, 87)     Colony  of  4  or  8  elongated  cells  with  irregular,  pseudopodia-like 

processes,  arranged  in  a  zone  around  the  center  of  a  firm 
gelatinous  sphere SUphanosphaera  Cohn. 


rn.149.   SlitliamtifktmtlinialiiOi^.    X  415.    {After  Hlooivniua) 

85  (84, 86, 87)    Colony  spheroidal,  or  slightly  elon^ted,  of  8  or  i6  cells  closely 
packed  at  the  center  of  the  indistinct  gelatinous  envelop. 

Pandorina  Bory. 

CeQs  hesrt-shapcd,  with  tw«  ciHa  at  Ui:ger  end,  a  pigment  spot, 
and  a  pyreooid.  the  tatter  ui  the  posterior  end  of  the  boflow 
parietal  diloroplsst.  Reproduction  by  sucossive  divisicsi  in 
eadi  cell  wheroiy  as  many  new  colooiea  arc  formed  as  there  are 
cells;  reproduction  also  by  the  copulation  of  gametes  either  alike 
a  slightly  unlike  as  to  uze;  zygospore  red. 

Fta-isa-    PMionu  iwrBM  HUlkr.     X  about  385.    (OrlgfaiiL} 
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86  (84, 8s,  87)  Colony  spherical  orellipBoidal;  cells  of  two  types,  v^tative  and 
gonidial,  which  lie  in  the  anterior  and  posterior  parts  of 
the  colony  respectively Pkodorina  Shaw. 

Colony  oraiisti  of  a  spherical  or  elliptical  coenobium  of 
gnoiiidi,  bi-fli^late  cella  of  two  types.  v^eUtivc  and 
gooidiat,  in  the  ulterior  and  posterior  parts  of  the  colooy 
[Espectively  which  Ur  in  the  periphery  of  a  hyaline  getitinous 
matiii  and  are  surrounded  by  a  common  hyHlioe  eavdop. 
Cells  each  with  one  reddish  stigma  whicb  is  more  prominent 
in  )be  anterior  part  of  the  colony.  No  connecting  filunenls 
between,  the  cells;  nonseiual  reproduction  by  gonidia  which 
ate  (onned  by  iocrease  in  size  of  a  part  of  the  cdls  o(  a  colony. 
Daughters  escape  from  parent  as  small  colonies  of  hi-floigellale 
cells  whidi  at  this  stage  are  all  similar.     Sciual  reproduction 

Ao.  i]i.    FUodtnttim-uiimibXsbM.    XuS-    (Afls  Keloid.) 


Colony3pherical,of8or  16,  33  or  64 ceUsevenly  scattered  near 
the  surface  of  a  gelatinous  sphere.  .   .    EmUtrina  Ehrenberg. 


Cells  ^herical  or  oval,  with  two  dlia  and  a  pigment 
qx>t.  Chromatophore  single,  parietal.  Vegetative  re- 
induction  by  repeated  division,  forming  at  first  a 
plate-iike  daughter  colony,  which  later  bemiqes  spher- 
ical. Sexual  reproduction  by  a  pear-shaped  anlbercr- 
loid  and  a  spherical  oosphere. 

The  cells  lie  at  the  surlaie  of  the  gdatinous  sphere 
and  the  cilia  project  at  right  angles  to  the  surface.  All 
of  the  vtgclative  cells  may  become  tranifotmsd  into 
oogoniaandanttaeridia;  in  each  of  the  latter  6*  anther- 
oioids  are  formed.  The  ripe  oospores  are  brownish 
with  a  smooth  extemal  manbcane.  The  habitats  of 
Eudorina  are  ponds,  ditches,  and  lakes. 

Fu.  159.    finrffriiM  iilc|«iu  Ebienberg .    (After  Sldo.) 


Cells  very  ■mall,  round  or  pear-shaped,  connected  by  protoplasmic  filaments,  each  with  a 
pair  of  dlia,  a  single  diromatophore  aod  two  or  more  contractile  vacuoles;  reprodu<    ' 
and  aseiual;  in  the  latter  certain  cells  (parthenogonidis)  within  the  sphere  enUtge  e 


aspmy 


89(69)     Colonies  not  motile  in  the  vegetative  condition 90 

90  (95>  131,  175)  (^ells  in  colonies,  generally  sessile  and  enclosed  in  a  definite 
gelatinous  envelop,  or  borne  on  gelatinous  stalks. 
Reproduction  asexual  by  zoospores,  or  sexual  by 
isogametes,   .    .    .  Family  Tetilaspokaceae  .    ,     91 
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93  (93)    Colonies  macroscopic  or  microscopic,  expanded  or  intesdfonn,  cells 
atianged  in  fouis Telraspora  Link. 


Fw.  til.    TtlnitBT*  BflaiiaM  KUUiBf.     X  i| 


93  (92)    Colonies  pear-shaped,  attached,  cdls  irregularly  placed  near  the 
surface Apiocystis  Nilgeli. 


CIirDnutophore  lingle.  parietal  with  a  pyreaoid.  Diviaian  in 
three  directions.  A  spherical  zoospore  with  two  cilia  may  origiiuile 
fnMD  each  cell  and  escape  Inim  the  gelalinoui  veiide. 


94  (91)     CeDs  spindle-shaped,  clustered  o 


the  ends  of  gelatinous  stalks. 

Chlorangium  Stein. 


Chromatophore  one  or  two  longitudinat  bandsi  the  cells  may 
detach  themwlves  and  become  loosporea  with  twD  cilia  and  a 
pigment  spot.  Lane  numbers  of  motile  individuals  may  be 
fonued  in  each  cell,  though  copulatioii  is  mt  known. 


limkowiki.)    t.  (Alter  Stdn.J 


X  ibout  MS.    (AftK 


95  (90,131, 175)    Cells  with  a  thick,  often  indistinct  gelatinous  covering, 

uniting  several  together  into  greater  or  smaller  free  swim- 
ming, rarely  attached  colonies.  Reproduction  by  fission  or 
internal  division;  in  a  few  instances  by  zoospores  and 
isogametes Family  Paluellaceae  .  .    96 

96  (101,  ro7)     Cells  embedded  in  more  or  less  cylindrical  and  definite  g^t- 

inous  tubes,  strands,  or  staJks  which  are  broader  than  the 
cells 97 

97  (100,  loi)     Cells  scattered  throughout  a  gdatinous  tube  or  strand.  .  .     98 
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qS  (99)    Cells  at  the  ends  of,  or  distributed  along  rather  finn,  often  lamellate 
gelatinaus  strands BormotUa  Borzi. 

ChnMuatopliore  dngle,  gnnuUr,  without  a  pynooid.  Re- 
pcoductkm  by  cell  dhrbioD.  atoo  by  tri-dli&te  zoomores.  eight 
of  whi^  are  lonned  in  a  lingle  zooaponnsiuDi,  The  looipo- 
no^is  aie  much  Urgcr  than  the  vegetative  cells. 

Pm.  ijG.    Benutaa  MKiictM  BotiL     X  ifiS.    (After  Wot.) 

g  (98)    Cells  distributed  throughout  a  structurdess,  cylindrical,  branched 
gelatinous  ctdony Palmodaclylon  NSgeli. 

CcJh  Kpfacnol;  gclKtiiMnia  tubes  bnndied  or 
unbrancbed,  suigle  or  En  dusters.  DivisioD  of 
cdls  fiirt  in  one,  later  in  three  directiona. 
Chromatophore  parielal  and  often  lobed. 

The  doogated  shape  of  these  a>loaieS  ii 
thought  by  West  to  be  due  to  divisiona  occur- 
ring more  frequently  in  one  direction  than  in 
Othen.    The  plant  occurs  in  iwunps  and  quiet 


100  (97)    CeDs  tvo  or  four  in  series,  at  the  ends  of  attached,  dichotomously 
branched  stalks;  chromatopfaores  several. 

Mischococctis  Nligeli. 
ReptoductiOD_  t>y 


FblisB.    Miidi4tcctm  uaftniala  Nlidi.     X  about  i  Bo.    (After  Rabenbant.) 

loi  (97, 100)    Cells  in  radiating  series,  often  branched,  held  together  by 
gelatinous  strands Dicfyocyitis  Lagerbeim. 

Chnnnatopbore  single,  centra],  and  ladial.     Reproduction  probably  by  diviiioa. 

Though  DktyBCysHs  i»  reported  by  several  botanists,  it  seenis  a  somewhat  doubtful  genua. 

101  (96,  107)     Cells  at  the  surface  of  an  invisible  gelatinous  mass  and 
borne  on  fine,  radiating  gelatinous  strands 104 

103  (104,  105,  106)     Cells  reniform,  four  on  a  stalk,  two  bome  near  the  adjoin- 
ing ends  of  the  other  two.    .    .     Dimorophococau  A.  firaun. 


cdl. 

The  Rlaments  which  bear  the  cells  are  thought  by  some 
lobefomicd  from  the  remnants  of  the  mother  membrane, 
but  this  needs  further  investigation.  Large  colonies  ma^ 
become  fragmented  into  smaller  coloniea.  This  alga  is 
Dot  very  frequent,  and  occurs  in  Larger  lakes  rather  than 
in  stagnant  water, 

Ita.  IJ9.    0Mwr>rl«ucnB  Jwuttu  A.  Braoo.    X  too. 


.dbyCoOgIc 


THE  FRESH-WATER  ALGAE  149 

104  (103,  105,  106)    Cells  single,  spherical,  or  oval.    Dktyosphaerium  Nfigeli. 

Chmmalophore  Hngle,  poiieUl.     Reproduction  by  internal  division. 
no.  160.    ZNcljwMaa'fiM  frnkUliim  Wood.     X  STo.    (OtigiuL) 


105  (103. 104. 106)    Colonies  much  as  in  Dktyosphaerium  except  that  the  cells 

are  in  clusters  of  Eour  which  are  held  together  by  the  rem- 
nants of  the  mother-membrane Tdracoccus  West. 

Some  rcsud  this  as  a  youn^  Itftgc  in  DutyeiplnurniM. 

106  {103,  104,  105)     Cells  clustered,  grape-like,  imbedded  in  the  rather  firm, 

often  yellow  gelatinous  strands.    .   .     Botryococcut  Kdtzing. 

V/eSt'i  gea\a  lH€Sitiala  a  prob»h]y  X  Bolryocixcui  vheie  tbc  geUti- 
nous  envelop  is  somewhat  contracted. 

In  old  cultures  of  Bolryococats,  oud  often  in  nature,  on  orange 
01  reddish  oil  is  produced  which  gives  the  cells  that  color. 

The  alga  is  found  very  frequently  b  pools,  ponds,  and  lakes:  it 
has  been  knovn  to  form  the  water  bloom  on  lakes  of  small 
dimenftioTu. 

Fio.  iGi.    Mryactem  jraanij  Klltriin.     Xilxntjn.    Ktitful.) 

107  (96,  109)    Cells  not  at  the  surface  of  a  gelatinous  mass  but  distributed 

throu^  it loS 

108  (109)    Colonies  cylindrical,   branching;    gelatinous  envelop  somewhat 

rigid  and  often  lamellate Palmodictyon  Niigeli. 

Ceils  in  groups  of  two  and  four,  the  groups  sur- 
rounded by  geUtioous  vesicles  whicb  are  united  Co 
form  the  cylindrical  colony,  and  give  a  more  OE  less 
netted  appearance  to  the  gelaljnous  portion.  Kepto- 
duction  by  means  of  resting  spores  with  brown  walls; 
these  spores  gEnninate  and  produce  a  new  colony. 
West  states  thai  the  outer  coat  often  becomes  very 
tough  and  of  a  brown  color.  Palnudictyon  is  a 
vet7  rare  alga  in  America,  but  OilUns  reports  it 
from  Massachusetts. 


wS«w 


109  (108)  Colonies  of  no  definite  shape,  of  the  shape  of  the  individual  cells,  or 
more  or  less  angled  and  showing  a  dark  gelatinous  layer  be- 
tween the  cells.     Cells  often  isolated no 

110(127,128)     Colonies  irregular tii 

III  (1 30)     Cells  not  in  dusters '.    .    .    .     iia 

113  (lis)    Gelatinous  envelop  containing   concentric   lamellae   about   the 
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113(114)    Cell*  Spherical GoeocysHi  fJ&eeU. 

TIk  eDvelopins  gdatinoua  substuxx  abowis^  >  concaitric  [unellitc  structure. 

RtfKoduction  1^  repeated  cell  divMoo,  Mveral  generatioiu  of  cells  often  re- 
nuiiuag  enclosed  in  the  original  motber-inembraiie.  According  to  some 
autbora  leproduction  >bo  occurs  by  bkJIIiateioospoFea. 

The  ■utbentidty  of  this  genua  i*  doubtful  u  the  non-t 

(t)  ®  Fu.  iGi.    CI«MC>iK>  NiJOilMiH  Nlfdl.     Xijo.    (After  Nl|^.] 

114(113)     Cells  elongated Dactylolhece  L&^Aam. 

^-./^         ChramatOfduueaparietalpUtelyingODly  oaoneiideof  thecell;  no  pyrcnoidi. 
/jl  Ji'dii     Gelatinoui  lubstaoce  often  lamellate. 

Vfi/ifJ 

^^  <«=>'  FM.164-    DitDMkietimmiiLtfiMBi-     Xabontijo.    (After  Lagshelm.) 

115  (ill)    Gelatinous  envelop  not  containing  concentric  lamellae  about  the 

cells 116 

116  (117)    Gelatinous  mass  containing  segments  of  the  antecedent  mother 

cell.       SckUochtamys  A.  Braun. 


^  Cells  spherical,  scattered  in  >  gelatinoui  nun  (ogetlwr 

~l .  with  (he  visible  remnants  of  the  old  membranes  whidi 

jf^        >.  1  are  split  into  distinct  segments. 

E'3  /^'  WestbeJievesthatitistheformalionof tbelaigeamouDt 

jI^  up  of  geladnous  material  th&t  auaes  the  firmer  portion  of 

^s,^__     ""    ^ the  membrsjie  to  become  ruptured,  aod  that  this  tikes 

>-: — ■  "^^r^—-- — u^\  pl«ce  previous  to  the  formation  of  the  two  or  four  daughter 

((^     ^^k         m^     j^a^  cells.       S.  lefolHwin   is  the   only    spedea    reported    in 

«■■     HMi    .JHB     ^F  America,  and  this  occurs  ai  a  pale  green  irregular  mass 

^^    ^^I,    \\5^.^      -j_  either  free  or  adhering  to  w»ter  planta. 

V^9      ^|P     Vj^llP  ^^  Fio.  i6s.    SeiiwoUwH  filaiimtia  A.  Brum.     X  fao. 

117  (116)    Gelatinous  mass  not  containing  segments  of  the  antecedent  mother- 
membrane 118 

iiS  (iig)    Cells  throughout  the  gelatinous  mass  fonned  by  the  outer  layers 
of  the  cell  walls ,.   Palntelia  Lyagbyt. 

Chromatophore  parietal,  with  a  pyrenoid.     Keproduction  by  diviMon  in  three  directions. 
and  according  to  Wille,  by  macrozoospores,  microiooapores,  uid  iaogametea. 

119  (118)     Cells  at  the  surface  of  the  gelatinous  mass. 

Didyosphaeropm  Schmidle. 


(i 


Cells  free  or  attached,  round  or  elongated.     One  or  two  dlsc-shs 
't  parietal  chromatophotes  present.     Reproduction  not  well  linown. 

FU.  166.    DiOycithirttHi  fhHiu  Sdunidle.     X  jij.    (After 


130  (ill)    CellsindusteTs.usuallyof  eight,soinetimesfourorsutteen;colonies, 
mostly  Boating iii 


.dbyCoOgIc 


THE  FRESH-WATER  ALGAE  151 

lai  (iJ4)    Cella  ^hericaL lai 

laa  (123)    Chromatophore  single Sphaerocystis  Ckodat. 


Colonies  large;  dusters  widel};  <epu>ted  [nxn 
each  other.  Gelatinous  eovelop  invisible  without 
reagents.  ChrDm>to(diore  thin,  parietal,  with  a 
pyrenoid  on  one  ^de  and  an  opening  00  the  Other. 
Rqproductloo  by  internal  division. 

Sphaertcyilis  is  almost  uoiversally  toaad  la  the 
plaiikton  and  it  one  of  [be  roost  conspicuous  and 
beautifulofall  [he  plankton  forms.  Sometinies  the 
ookHliet  are  very  large,  consisting  of  many  dusters. 


133(113)    Chromatopborcs  many,  parietal Chlorobolrys  Bohlia. 


Fio.  16S.    CUtmietryi  riflarii  Bohlin.     X  loo.    (Afla  WnUl 


124(111)     Cells  not  spherical 125 

las  (136)    Cells  crescent-shaped Kirchneriella  Schmidle. 


,  Cells  indutters,  as  in  Spkatncyilis,  but  Utoagty 
crescent-shaped . 

In  reproduction  internal  diviuon  tales  place  trans- 
versely and  the  four  or  eigh(  daughter  cells  are  set 
free  by  the  breaking  of  [he  cell  wall. 

Several  spedes  occur  in  (he  plankton.  They  also 
occur  in  ponds  among  water  plants. 


136  (135)    Cdls  oval  or  bhintty  pointed OocyiUs  N&geli. 

Cells  obkmg.  single,  or  two,  four,  or  eight  in  a  gelatinous 

envelop;  in  some  cases  mai^  dusters  in  a  colorless  gelatinous 

Chromatophore  sm^le,  parietal,  with  an  opening  on 

nr  nf  ttiativ  Hmsll  discs,     Pyrenoids  present  in  some 

clusters,  aa  in  Spkaerocystis,  but 

, __und  in  the  plankti 

usually  in  large  gelatinous  colonies  umilar  to  SpkaaocysHs 
and  Kirckneridla.     lo  other  localities  the  cells  are  generally 

Fto.  1  JO-    OacysUs  setitaria  W 
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laj  (no,  128)     Colonies  somewhat  cubical,  showing  a  dark,  gelatinoas  layer 
between  the  cells Gloeolaenium  Hansgirg. 


■    ITlHslaatiMi  l^italihrffrwiHni  Huufifl.     X  IM.    (Aflet  Tabkhi.) 

(110,127)     Colonies  the  shape  of  the  individual  cells 129 

129  (130)     Cells  renifonn,  colony  of  the  same  shape  or  oval. 

Nephrocylium  Nfigeli. 

r  in  clusten,  as  in  Spkaerixyslis,  but  renifonn  in 

NtpktocyUum  resembles  Oocystis  eicept  that  tlie  cells  are  curved- 
It  is  widely  diatributed  but  not  very  abundant. 

pkncjHmm  aiarikiamm  Nlgcli      X  ]8o     (Origiiul ) 

Elakaiothttx  Wille. 


131  (90, 95  17s)  CeUs  without  a  thick  gelatinous  envdop  holding  them 
together  sometimes  adhenng  to  each  other  after  di- 
vision 133 
f  fission  only  or  rarely  by  fission  and 
Family  Pleurococcaceae  13J 
133  (134  135  136)  Reproduction  by  fission  m  one  direction  only  fonning 
equal  cylindrical  cells,  the  length  bemg  one  and  one-half  to 
three  times  the  breadth Stichococcui  NAgeli. 

B  perietal  pUte  lyin^  only  dd  one  side  of  the  cell, 

Reproduction  by  simple  fission,  the  cells  sometimes 

3  each  other  after  the  division,  but  not  forming  perfect 


■        ^  FiO.  IT4'    SUduwens  iaeiOarii  NI«etl.    X  about  4<B'    (Original.) 

134  (i33>  I3S>  I3<^)     Reproduction    by   division    in  three  directions.     Cells 
spherical  01,  if  in  small  complexes,  somewhat  angled. 

PleurtKoccus  Meneghini. 
•t  id  small  dusters  of  ti 

e,  and  with  or  without  a  pyrenoirf. 

Plturococcus  is  the  cliief  coDstltuent  of  the  greeD  coating  on  tbc  baric  ol  treea^ 

old  wood,  and  stones, 

Fio.  lis-    PInnuum  mlttrii  MeneshiBi.     X  s6o.    (OrifioaL} 
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*3S  {133. 134. 13*)     Characteristics  as  in  Plewococcus,  but  sometimss  forming 

short  filaments Pseudo-pleurococtMs  Snow. 

This  form  ouy  remain  indeGnifeiy  in  either 
a  filamentous  01  unicellulai  state  act&nling 

the  filamentous  state  it  reaembles  a  small 
fonn  of  Sl/igeoditnium,  but  is  distinguished 
from  it  by  the  absence  of  zoospores. 

Chodat  legards  a  form  limiliu  to  this  as 

a  true  Plamcoccus  and  believes  that  short 

GUnicDts  ue  characteristic  of  that  genus. . 

Fm.  17G.     Pieude-ttnrKecau  mltaris  Saow, 

X  60a.    (Oridual.) 

136  Ci33>  I34i  135)     Repiwiuction  by  fission  in  three  directions  and  by  inter- 

nal division Palmdlococcus  Chodat. 

Chroroatophore  a  parietal  plate,  without  a  pyreuoid.  In  addition  to  rcproductioa  by  Gsaion 
and  internal  divisioa,  a  Tcjuveaesceiice  of  the  cell  contents  may  occur,  accompanied  by  a  cast- 
ing ofi  of  the  mothet-membrane.    An  orange-red  oil  is  sometimes  present. 

137  (132,  rss.  174)    Reproduction  by  internal  division  only. 

Family  Chlobellaceae  .    .     138 

138  (143, 151)    Cells     spherical,     ellipsoidal,     or     irregular. 

smooth 139 

139  (140,  141)    Cells  spherical;   chiomatophoTe  a  sin^e,  hollow  sphere  with 

one  pyrenoid '.    .    .    .    Chlordla  Beyerinck. 

Cella  ipherical  or  somewhat  elongated;   dutnnatophore  liniog  the  mem- 
brane, open  on  one  ^de,  with  a  uugle  pyreitoid. 

The  name  ZoecUontla  Brandt  has  been  given  to  this  same  geniu  and  ante- 
_  dates  the  name  of  CUordia  by  some  years,  but  the  name  CMorella  seenu 

A  ~  "^^^       more  sppropriate. 

Fw.  117.    CUanOa  Rk    X  too.    (OiWDaL) 

140(139,  141)     Cells  spherical,  chiomatophore  of  many  parietal  discs,  each 
with  a  pyrenoid Eremosphaera  de  Bary. 

Size  relatively  large;  chroma tophores  many,  parietal;  nucleus 
pCDminent.     Reproduction  by  internal  division. 

The  cells  are  large,  spherical,  and  conspcuous.  The  nucleus  is 
distinct,  suspended  in  the  middle  of  the  cell  by  strands  (i  ptoto- 
ptaam.  Two  or  four  daughter  individuals  may  originate  by  succes- 
sive division  of  the  contents  and  are  liberated  by  the  rupturing  of 
the  mother  membrane,  EreiHospkaiTa  is  almost  oonstantly  found 
among  Deamids  in  Sphagnum  swamps. 

Fin.  178.    Enmoithaaa  tiridii  de  Buy,     X  115.    (OrigintL) 

141  (139,  140)     Cells  spherical  or  irregular;   chromatophores  many,  angular, 
radially  arranged;  many  pyrenoids  in  each. 

Excentrosphaera  Moore. 

Plant  cooiisting  of  a  single  cell,  in  mature  condition  varying 
in  outline  from  spherical  and  elliptical  to  irregular  and  eccentric 
forms.  Chromatophores  large,  angular,  usually  radiately  ar- 
ranged, closely  hning  the  wall.  Pyrenoids  minute,  numoijus  in 
eac±  chromatophore.  Multiplication  by  non-motile  spores 
(Wlanospores)  which  escape  by  the  dissolutim  of  a  part  of 
the  cell  wall    Reactiou  to  all  external  stimuli  negative. 

('10. 119-    BxuMlm^iiunilndU  Uoaa.     X  ite.    (After  Moote.) 

143  (1381  ^St)     Cells  Spherical  or  elongated,  membrane  with  hairs,  spines,  or 
reticidate  markings 143 


&i 
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143  (147)     CeUs  sphericaL 144 


Celli  perfectly  ^>limcal,  tbe  apincs  or  reticulate  muUngi  project- 
in*  but  little. 

ChnunBtophores  unully  several.  Reproduction  by  intenul  division. 
West  also  report!  reproduction  rarely  by  Gssioo  and  by  zoospores.  The 
genua  needs  further  invesligalian. 


RepToduclion  occun  by  divisioD  in  odc  or  two  directioDS  and 
by  Butoapores.  Chodat  also  reports  the  loimation  of  coogonidia 
vith  four  dlia. 

Galtnltinia  bfU  been  known  to  occur  in  great  quantities  almost 
pure  in  large  tanks  of  water;  it  also  occurs  in  the  planktoo, 
though  not  very  abuDdaally.  Cbroruatophore  parietal,  with  one 
pyrcnoid. 

Sir  Ray  Lancaster  believea  that  bis  Atckirinia  bollani  de- 
scribed in  1SS5  and  referred  10  the  Protoioa  i;  identical  with 
GeUnkinia  radiaUi  described  by  Chodat  in  iSgt,  and  with 
Skilfridla  bulryoida  described  by  Lenunennann  in  189S.  II 
thii  be  true  the  name  Archcrinia  claims  precedence  over  the 
other  two  generic  ounes. 

FlO.  iSi.    CaltiMma  raiiata  Cbodit.     X  6i].    <Ori^ii*L) 

146  (144, 145)  Cells  in  colonies  of  eight,  sixteen,  thirty-two,  ^ty-four,  or 
more  celis;  bristles  long,  only  on  the  outer  surface  of  a  col- 
ony.   RickUrielia  Lcmmennann. 

Briatlea  compantively  roarse  and  in  length  many 
times  tbe  diameter  of  the  cells.  Chromatophore  single, 
parietal,  with  a  single  pyrcnoid. 

The  celts  are  usually  clustered  in  groups  of  (our  which 
are  aggregated  into  larger  colonies.  But  little  is  known 
of  its  reproduction  eicept  that  vegetative  division  has 
been  known  to  occur. 

It  is  found  in  the  plankton  of  large  lakes. 

FlO,  lS>.   RkUmiiOc  tloitsa 


147  (143)    Cells  somewhat  elongated 148 

148  (149,  150)    Bristles  four,  two  at  each  end  or  one  at  each  end  and  two  at 

the  center,  each  with  a  basal  swelling.   .  Lagerheimia  Chod&t. 


Chodat  and  West  recognize  the  gc 
whether  the  presence  of  only  four  sj 
remove  it  from  the  genus  Ckodaldl 
and  have  not  the  bajsat  swellings, 

FtO.  1S3.    LaialmwHa  (ncxui 
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i4g  (148, 150)    Briatles  vaiying  in  number,  without  a  baaal  swelliiig.    Cells 
single ChodaleUa  LemmeTmann. 

Cdb  aolituy,  tUiinoidal;  nima  evenly  distributed  ovei  the 
nrfsoe  or  ia  dtdes  tbout  ttw  ends.  Cniomttophore  porieC*!. 
mth  or  without  pyrenoids. 

CMedaldla  is  occssioDally  found  in  tbe  pltokton  <rf  larger  lakes. 


150' (148,  149)    Bristles  numeFotts,  on  the  outside  of  the  colony  only.    Cells 

usually  united  into  a  small  cluster  by  a  gelatinous  substance. 

Franceia  Lemmennann. 

Chnnnatopborea  two,  each  with  a  pyrenoid. 

This  gcnufl  in  its  generoJ  cluracteriatics  resernbles  RickUrielia 
but  it  is  dtstinguiahed  from  it  by  the  larger  sise  and  oval  shape 
of  the  cells,  the  shorter  spines  and  the  two  chromatophores. 

Reproduction  takes  place  by  division  in  a  ain^e  longitudinal 
direction. 

Fn.  iSj.    FnmttUtp.     X  (bout  (ieo.    (Origiiul,) 

151  (138.  143)     CeUs  of  some  other  shape  than  spherical  or  elliptical;  with 
points  or  angles. 153 


153  (i53>  154)    Cells  needle-like  or  fusiform,  often  V 
often  many  times  the  diameter.    . 

r«fuiiiiu  is  found  in  oil  ponds, 
d  rivers.  It  is  one  ol  the  most 
_  ood  one  of  the  hardiest  of  the 

Fn.  186.'  AHlMtaiHims-    Vuiouitp«lM. 
X  fao.     ,Cri  ;iML) 

153  (15I)  154)    Cells  short,  fusiform,  length  two  to  four  times  the  diameter. 

Daclylococcui  N&geli. 

CeDa  free,  short,  nine  to  eighteen  n  long.  Chromatophore  with  a  pyrenoid, 
opposite  to  which  there  ia  an  opening.  Id  rqwoduction  two  to  eight  tcUa  are 
fMOWd  by  tnuisverse  internal  division. 


II 


Fio.  187.    DactyttcKau  ii^usi 


154  (iS^i  153)    Cellsdistinctly  three,  to  many-angled,  angles  all  in  one  plane  or 

not;  at  the  ends  often  one  or  more  simple  or  divided  spines. 

Tetrotdron  KUtzing. 

Qironuitophore  single,  parietal,  usually  with  a  pyrencod . 
In  this  genus  there  is  the  greatest  variety  in  r^ard  to  the  sh^M 
"  e  celb,  number  of  points,  aad  vie;  the  most  commoo  one  is, 
ver,  a  mbute  form  with  but  few  pobts. 

Flo.  iSS.    Tikaeinii  «snH4«  Buy.     X  Coo.    (OrifiuL) 
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IS5  (i3»>  i37i  174)    Reproduction  by  the  fonnation  of  zooepona  only,  or  by 
isogametcs Fanuly  Pkotococcaceae  .   .     156 

156(161,168)    Cells  (pherical 157 

157(158)    Chromatophores  many,  parietal Botrydtoptis  Boib. 

[SSS^-^^  ChromatoiAores  without  pyrenoids;  Rx»pore»  uttocboid,  wilh 

Klnflk    S.  g     '  single  dlium,  a  pigment  spot,  uid  one  (■ometimo  two)  duontB- 

'Sff^M      ^-«i^  tOfdioresi  frniucntly  they  geimiaate  witiuo  the  motlwr-iiumbiane 


*tfl4W        ,   ^^        witlMUt  a  motiie  period. 
Fio.  189. 


dl  QtK^ 


X  jio.    (Original,) 


158  (157)    Ginunatophore  single 159 

159(160)    Chromatopbore  parietal Chlorococcum  Fnes. 

•  ^^y  ChroiD3.tophDre  with  a  drculsr  opeaing  tztd  a  pyrenoid;  xoosporta 

1    ^  oval,  with  two  cilia,  a  pyrenoid,  and  a  pigmeot  spot.     Aplanoapores 

I         ^"^  ""y  (o^^  fi™"  noo. liberated  loospons.      As    undeaoibed   (arm 

,       (v.  which  ^real^r  resembles  CWirr«aaHiii  has  iMigBmetea.      It  should  be 

\ .    ^^  placed  m  a  tUffereDt  genus, 

-    0  V  Fu.  190.     Ckhracacatm  in/iuitniim  Rabenlunl.    ■.  nietatiTe  cdl. 

A  B  l>.  KmporB.    X  6)!.    (Ori(ina],) 

t6o  (159)    Chiomatophore  central  with  radiating  strands. 

Radiospkaera  Snow. 

'^»X  Except  for  the  natunof  the  diroraBtophore  this  genus 

\  resembles  CjWufKccciHii,  but  at  the  center  is  B  pyreootd 

'      '^  from  which  the  chromatopbore  radiates.      Zoospares 

with  two  dlia  and  a  pigment  spot  ore  formed. 


Fio.  tgi.    gaikitlatra  >[>.  Snow.    a.  vcxetatiTc  nUi 
i-  m^»n«-     X  sSo,    tOriginal.) 


161(156,168)    Cells  more  or  less  irregular,  elongated,  or  tubular.  .   .   .     162 

163  (163)     Cells  free,  more  or  less  inflated  or  tubular,  usually  with  a  long, 

coloriess  cylindrical  portion Protosiphon  Klel». 

Chromatopbore  a  parietal,  net-lilte  layer,  with  pyrenoids.  Under  conditions  threatening 
drought,  red  resting  spores  are  fonned.  In  absence  ol  light  at  increase  of  water  bl-dbaled 
tooafam  are  formed  which  on  (oming  to  rest  produce  ^iberical  cells,  or  they  may  copulate  and 
ptoduoc  Uar-sbaped  Qrgospores, 


Pio.  191.    fratoriMn  hUrytUa  tJAt.     X  75-    (After  Zitia.) 

i6.f  (163)    Cells  endophytic,  rarely  free,  irregular,  often  with  cellulose  pro- 
■    "  -  ■ 164 
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164  (165)     Ri^troduction   by   zoospores;    chiomatophore  of  many  radiaily- 
•  placed  rods  01  segments  united  beneath  the  surface. 

ScoUnosphaera  Klebs. 
Zoospores  fu^otm;   their  producf'  '  '  ' 

■  -  ■'■-   -'  ■'--   -'■ ophora  ti 


-y 


of  the  chromftlophora  to  the   center,  about 

whii:h  there  is  a  granular  aubistance;  Eoospores  penetrate 
some  water  plaat  or  germinate  in  the  water. 

Resting  cells  occur  which  have  one  or  more  thicken- 

It  was  first  found  in  the  dead  leaves  and  branches  o( 
Hyptuaa,  and  its  normal  habitat  is  pn>l)ably  \a  the 
tl^uea  of  some  higher  water  i^ant,  but  it  occurs  fre- 
queDtly  in  the  water  and  may  be  cultivated  with  ease. 
Flo.  lU.  Stttitwi^iaUi  paraitza  Klebg.  X  aboul  36;. 
(AtUr  KteU.) 

165  (164)    Repnxluction  by  copulation  of  isogametes  and  in  some  cases  by 

zoospores. iW 

166  (167)     Chromatophore  a  parietal  layer  with  many  pyrenoids,  later  show- 

ing a  network.     Membrane  with  ceUutose  projections. 

Chlorochylrium  Cohn. 

Cells  qjberiial  or  alight^  irregular;  chromaloi^Ofe 
with  many  inwardly  projecting  portk>DS  aHttainJng 
many  pyrenoids  "  ""  '"'  "    '     ' 


ardly  projecting  portioDS  OHitainiDg 

The  zoosporet  are  h'berated  singly; 

pe  together  while  still  eoveloped  by  the 


.  Cells  s 

n.  In  reproc! 

«  '>»  §•■'■§  *K  C  dies  if  it 
A  fe''  #-  /  ^         In  the 


Fu.  i»i.    CUtrtekylraim  Umttae  tiUtit.    Cetb  in  the  iIbdh 
of  Iamu.     X  soo.    (Aits  Kkbt.1 

167  (166)    Chiomatophore  dense,  with  many  starch  grains:  membrane  lamel- 

late  Endosphaera  Klebs. 

)f  water 

rith  two  dlia  and  a  pyrenoid.    The  zjrgospore  pene- 
>  the  intercellular  spaces  of  Palamegelon  if  it  is  present,  but 

e  spring  time  it  is  found  as  large  resting  cells  in  the  tisiues 
'   ■'^'Ciirg  of  the  dead  leaves. 

\l  Fid.  19 J.    EhAmMutb  tHmJ]  Klebs.    a.  young  czll:  i.  niMta:  c.  unioo 

'  of  gamela.    a.  X  abDUl  iga;  i.  c.  X  about  400.    ({lUr  Klebs.) 

168  (156, 161)    Cells  with  a  thin  stalk-like  projection  on  one  or  both  ends, 

either  free  or  attached 169 

169  (170)     Cells  free,  linear,  curved,  or  spiral,  ends  with  a  spine  or  stalk-like 

projection Opkiocytium  NSgeli. 

Chromatopbore  single,  parietal,  with  no  pyrenoid.  Reproduction  by 
means  of  loospores,  eight  of  which  are  formed  m  a  single  cell  and  are 
hbetated  by  the  end  of  the  cell  being  thrown  off  like  a  cap. 

Though  the  habitat  of  Opkiocyluim  'a  the  same  as  for  a  number  of 
other  Praleaiaaaae,  it  is  not  so  (lequently  found.  When  it  does 
occur,  however,  in  a  body  of  water  it  may  be  abundant. 

Fia.  196.    Ottntyliwm  atUttrt  A.  Bruin.     X  <<»■    (OrifiBal.) 

170  (169)    Cells  sunilar,  but  shorter  and  attached 171 
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171  (173, 173)    Cells  single,  attached;  oval,  cylindrical,  fusifonn,  or  curved 
in  shape.     Guomatophoie  single  and  parietal. 

Characium  A.  Braun. 

Cells  ovkI,  poiTtted.  or  rounded  at  Che  ends,  Mnight  Or  curved, 
Mtaile  or  stalked;  attached  to  a,  substratum  with  or  without  x  disc. 
A  pyrenoid  usually  present.  Reproduction  by  mospores  which  hava 
two  dlia,  a  p^reaoid,  and  a  pigment  spot, 

Characium  a  very  common  on  filamentous  ^gae  in  all  localities.  The 
shape  is  greatly  influencol  by  the  direction  of  the  rays  of  light. 

Fic.  197.    CImtaam  Itntifei  RabcnhorM.     X  too.    (Oii^nal.) 

173  (171, 173)    Cells  as  in  Characium,  but  the  chlorophyll  in  many  small, 
parietal  discs CharaciopHs  Bom. 

le  wall  of  the 

Vest.  apUno- 

icomes  a  gamccanEium  1 

., .„_  o ■■ . — '  is  'ess  frenuent  than  CI 

but  is  found  UDdet  the  same  amditioos. 

Fn.  igg.    CkatdtftU  tp.    X  too.    (On^aal.) 

173  (171, 172)    Cells  attached,  the  new  generation  clustered  at  the  free  tip  of 

the  empty  mother  cell Sctadium  A.  Braun. 

Is,  radiati 

zoospores  with  two  dlla  each,  which  atta^  themselves  at  the  tip  of 
the  mother-membrane  after  the  removal  of  a  ti.p  which  libentcs  Ibe 

Lemmermann  unites  5<:miji'ii«  with  Ophiocytium  because  rardy  in 
Ophiorytium  the  new  generation  develops  from  one  end  ol  the  parent 
cell,  but  the  sessile  characteristic  and  the  basal  disc  of  Scudium 
would  seem  to  separate  it  from  OpkiecyHum  where  these  chaiacteris- 
tjcs  are  not  found. 

Fn.  iM.    Scladliim  trtmiJa  A.  Snia.     Xfoo.    (Afta  Ral>eabonL) 

174  (13^1 137>  tSS)     Reproduction  by  fission  and  by  zoospores. 

Family  Chlokosphatxaceae. 
Only  one  genus  known Chlorosphaera  Klebs. 

Cells  usually  in  small  (xU  complexes,  originating  by  fission  in 
three  directions.    Cbromatophore  parietiil,  with  a  pyrenoid.    Zoo- 
spores usually  eight  in  number.  otigiQatLng  by  successive  internal 
(Uvi^ons.   Tnese  have  two  cilia  and  a  pigment  spot,    Eachvcgets- 
.^^^      live  cell  may  become  a  resting  spore. 
— -^        .-j—^^*'  In  its  vegetative  state  CWoroif  iotra  resembles  rrMtly  Flam- 

^      ,    L  aKciumtjtiini,  but  it  is  aquatic,  rather  than  aerial.    It  is  a  common 

^X  *  form  in  ponds  and  lakes,  though  rarely  found  in  such  quantities  aa 

^P'  1  to  be  noticed,  unless  developed  in  culture. 


y 


.    CUmitkaaaLuailriiSBow.    X  58;.    (OtIffaiiL) 


175  (90,  95)  131)  Cells  without  a  gelatinous  envelop  or  stalks;  closely  united 
to  form  structures  of  definite  shape  (coenobia).   .   .   .     176 

r76  (187)  Coenobium  usually  a  duster  of  definite  shape  and  structure,  formed 
by  the  union  of  four,  eight,  sixteen,  or  thirty-two  non- 
motile  rails  arising  from  internal  divt»on. 

Family  Coelastraceae.  .   .     177 

177(182,186)    Cells  radially  placed  or  forming  dose  dusters. 178 
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178  (179, 180, 181)    Cells  spherical CoOastrum  Niigeli. 


# 


CelU  Bpherical 

■t  one  side,  with     ..  .        ^ 

Codmlnim  ocean  in  all  botfies  of  mtei,  and  u  found 
It  U  veiy  resistant  to  unfavorable  cooditions,  peniiting  loos 
other  algae  have  perished. 


:  planktcH 


,    CMbilnMiiMMnaMi  Nlfdi.     X  i>»>-    (OiyuL) 

179  (178,  180,  181)     Cells  cordate  or  reniform Sorastntm  EQtmg. 

Chloroplast  parieta],  with  a  snfUe  pyreuoid.     Celts  on  diQil  (talks 

ladialing  fFom  a  gelatinous  centei,  but  both  cecter  and  stalks  usually 

hidden  cy  the  ceUi.    A  new  coenohium  from  each  cell. 

Soraslriim  is  of  leas  frequent  occuiTtnce  than  ntoM  of  the  other 

of  the  CotUulractae,  but  is  found  in  most  localities  where 

found,  especially  in  the  sediment  at  the  bottom  ol  ponds, 

uonally  in  the  planlctoii. 

.  301.    iffrulriHi  i^nubniKi  NlfcU.     X  fa).    (Oilfiod.) 


^jHf     this  it  pUced  near  to  Aidtalradanau  rather  than  with  the  Cedastraaat. 
fr  Pu.  903.    SdtKtslnm  pttiU  Reiach.     X  S65.    (OilihuL) 

181  (178, 179, 180)    Cells  dub-sbaped  or  elongated,  forming  a  star. 

Actinoilmm  Lagerfaeim. 


* 


m  koHitukii  La^eriuim. 


183(177,186)     Cells  in  one  plane 183 

183  ,(i84i  iSs)    Cells  four,  eight,  or  sixteen  in  one  or  two  parallel  or  zigzag 
Scetiedesmtts  Meyen. 

The  cells  oval  or  ptunted,  the  membrane  either  amooth  or 
furnished  with  distinct  spines  at  the  ends,    Chromatophore 

single,  parietal,  with  an  opening  at  one  side  and  a  pyttaaid. 
This  is  one  of  the  most  common  and  tlie  best  known  of 
all  of  the  lower  algae,  it  being  found  in  almost  all  localities 
where  algae  ore  ever  found.  Its  adaptation  to  various 
environments,  and  to  conditions  unfavorable  to  most  other 
algae,  accounts  fur  its  wide  distribution. 


I  fuaJriaaJa  Brtb.  ', 


jss.  I 


184  (183,  185)     Cells  grouped  in  fours,  forming  a.  rectangular  plate  of  sixteen 
or  more  cells C'ucigefiia  Monen. 


Fib.  906.    Cniciifmja  ffkniala  CbodaU    X  » 
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185  (183, 1S4)    Cells  four  together,  never  forming  larger  plates.    From  two  to 

five  spines  on  tbe  external  maigin  of  each  cell. 

Teirastrum  Chodat. 
Schn^e  regards  those  fonns  with  siunes  umply  u  different  ipeda  of  SUmotritia. 

186  (183,  177)     Cells  four,  lying  in  two  planes Tetradesmus  Smith. 

^^gtiijfekgg^        ThUooenobiurnmembles  a  £<«iuiu»iu  rolled  up.  and  in  the  size,  shape, 

^^^S^^^  Fio.  loj,    Titniawia  ^BiuMiiiauii  Smith.     X  isoo-    (After  Smitk.) 

187  {176)     Coenobium  a.  coarse  net  or  a  concentrically-amuiged  circular  disc  of 

cells,  formed  by  the  joining  together  of  zoospores  while  within 
the  mother-membrane,  or  still  within  the  liberated  inner 
lining  of  the  same.  .   .    Family  HyDSODicxyACEAE  .   .     1S8 

188  (189)     Coenobium  a  free-swimming  circular  plate  of  cells,  one  layer  in 

thickness Pedtaslrum  Meyen. 

Tlie  cells  arraaged  either  with  iaterceUular  spaces  oi  twi;  marginal 
cdli  with  oDc  or  two  pointed  projectii:«is|  ianer  cells  angled  or  concavei 
duomatophore  parietal,  with  one  pyienoid,  and  perforated  at  one  side. 
Keproductilm  by  means  of  zoospores  which  are  oat  out  together  with 
the  inner  lining  of  the  moCher-membmne,  and  within  which  they  form 
a  new  coenobium. 

Ad  alga  which  greatly  resembles  a  two-celled  Fediaslrum  was  formerly 
described  as  £uufram  by  Schmidle.  but  Lagerheim  places  it  in  a  new 
genus  Euaslmpsii.  The  mode  of  reproduction  is  the  same  as  for  Ftdi- 
aslnim;  the  zoospores,  however,  Brrange  themselves  in  pairs  instead  of 
in  a  single  plate,  and  form  a  number  of  new  indivlduafs  which  ait  set 
free  whue  within  the  Inner  layer  of  the  mother -membrane. 

Fio.  log.    FUititrum  btryamm  Meneghiiii.     X  600.    (OtigiiuL) 

189  (1S8)    Coenobium  a  coarse  net Hydrodictyon  Roth. 

Nets  large,  each  mesh  bounded  by  five  or  six 
Qilindrical  cells;  the  chromatophore  reticulate, 
parietal,  with  numerous  pyrenoids;  asexual  re- 
production by  toosfxaa,  those  from  each  cell 
forming  a  new  net;  secual  reproduction  by 
many  isogametes.  Tlie  zyKoapore  produces 
two  to  6ve  large  xoosporea  wfiicli  in  turn  give 
rise  to  a  new  net  when  they  germinate . 

In  the  early  stages  the  nucleus  is  single,  but 
later  divides  rapdlf  so  that  the  eel!  is  multl- 
nucleate.     As  tbe  nets  are  formed  within  the 

torn  a.nd  irreguhu.  The  nets  occur  as  a  very 
thick  light  green  scum  on  tbe  surface  of  ponds 
exposed  to  the  direct  mys  of  the  sun.  Tbe  dif- 
ferent modes  of  reproduction  have  been  proved 
by  Klebs  to  depend  largely  on  the  condition  io 
environment,  and  that  by  varying  these  condi- 
ditions  the  different  phases  to  development  am 
be  produced. 

Fn.  Mg.    Bydrtditlyim  nUiulclum  Lageifaciiii. 
X 100.     (Originsl.) 

190  (68,  349)    Plant  of  septate  filaments,  or  of  closely-arranged  cells,  fonning 

plates  or  cylinders,  one  or  more  layers  thick;  attached  or 
free-swimming Order  Confemles  .    .     191 

Reproduction  asexual,  sexual,  or  both  in  the  same  spedes. 

191  (196,  246}     Plant  in  adult  form  a  macroscopic,  free-swimming  plate  or 

boUow  cylinder  of  cells;  in  early  stages  often  filamentous 
and  attadied Family  Ulvaceae  .   .     193 
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191  (193)    Plant  cylmdrical,  flattened,  or  branched,  of  a  simple  layer  of  cells, 
reproduction  by  zoospores  and  isogametes. 

Enleromorpha  Link. 

Frequently  brancfacd  uid  vtiiibk  in  slu^i  dmmiatophoTe 
parietal,  widi  one  pyrenoid.  ZatofxxtA  with  four  dlia  and  a 
pinient  spot.     Gametes  with  two  dlia. 

Both  laosaotis  and  gametes  are  fonned  in  the  vegetative 
celts  eicept  tnose  at  the  base. 

The  greatec  Dumber  of  apedes  of  Entvomorpka  are  marine, 
though  E.  inUilinalis  a  found  in  the  fresh  water.  Many  of 
the  salt-water  fonns  aie  very  variable  w  that  the  ^>ede9  are 
difficult  to  determine. 

FN.  110.     Eniaomctfit  inlitKmiiit  L.  (Link).    •,  oae-hiU  natural 
dH.    (Aher  Wat.)    I.  X  3«a.    (Orifinal.) 


193  (193)     Plant  in  the  adult  stage  a  thin,  membranaceous  plate.    .    .    .     194 

194  (19s)    ChromatopboTe  a  thin,  parietal  lining  to  the  membrane,  with  one 

pyrenoid idonoslroma  Wittrock. 

The  pbint  in  early  stages  a  hollow  sack  or  cylinder,  becoming 
torn  later,  Forming  a  raeRibranaccous  jdate,  near  the  baae  of 
which  certain  cells  elongate,  grow  downward  and  fonn  strength- 
ening supports.  Repmduction  by  means  of  zoospores  with  lour 
dUa  and  smaller  gametes  with  two  dlia.  Tbue  may  germinate 
without  copulation. 

The  membrane  is  at  first  very  thin,  but  later  becomes  gelati- 
nous so  that  the  celU  are  more  or  teas  separated  from  each  other. 
Growth  is  nol  localized  but  is  intercalary  and  the  cells  are  often 
clustered  in  groups  of  four. 

iloiuslTffvu  buUviUM  occurs  in  shallow  ditches,  partially  sub- 
merged and  partially  swimming  on  the  surface. 

Fio.iii.    ItomalremaMlcnimTluntt.     X  no.    (Aflet  Reinke.) 

195  (194)     Chloroplast  star-shaped,  radiating  from  the  center,  with  one  pyre- 

noid  Frasiala  Meneghini. 

Plant  at  first  filamentous,  but  later  a  plate  of  cells  grouped  in 
small  areas.  RhizoJds  frequent  at  the  base.  Reproduction,  ac- 
cording to  Lagerheim,  in  three  ways :  by  isolated  portions  oj  the 
plant,  alcinetes,  and  aplanospores.    No  toospotes  known. 

KUtiing  has  established  a  genus  Sckiiaionitim  which  greatly  re- 
sembles i'rongfa.  The  chromatophore  is  stellate  and  the  filaments 
divide  longitudinally  to  form  two  or  more  rows.  Tiie  chief  differ- 
ence between  this  and  Praiieta  is  that  in  the  latter  genus  the 
loDgitudinal  diviuons  cotitinue,  while  in  the  former  they  cease 
after  the  first  few  times. 

Wille  makes  Sckiragoiiium  a  subsecUon  under  Praiiala  and  is 
followed  in  this  by  West. 

Fm,  lit,    Praiiala  erii fa  MtB^uai.    Xaboatse.    (AftaOUmaan 

196  (191,  346)    Plant  filamentous 197 

197  (219)    Filaments  fine,  mostly  unbranched 198 

198  (217,  318)     Filaments  generally  unbranched.     Chromatophore  a  single, 

parietal  curved  plate  or  cylinder,  rarely  axial,  or  of  several 

small,  distinct  discs,  rarely  more  or  less  united  into  a  network. 

Family  UlothkichacejIE  .  .     199 
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199(311,313,313)    The  cfaromatopbore  single,  B  parietal  plate  or  cylinder.  26a 

300  (305)    Filaments  without  gelatinous  envelop 201 

301  (104)    Filament  always  simple,  composed  of  a  sbgle  row  of  ceUs.  .  303 

303  (303)    Cells  cylindrical.    Reproduction  by  zoospores  and  in  some  cases 
by  resting  spores Hormidium  KUtzing. 


.    BamUmmnilKuittai^M.    X  40a.    (OilfluL] 


303  (303)    Cells  but  little  longer  than  broad.    Reproduction  by  zoospores 
and  isogametes.  _ Ulothns  Kutmng. 


Cells  Tctativdy  short;  chronutophore  liniog  the  entire 
meiDbrane,  or  anly  b  port,  with  a.  pyrenoid.  Reproduc- 
tioD  by  zoospores  and  ixtgametes.  Zooiporea  with  four 
dlja  and  a  pigment  spot:  sametes  imillet.  with  too  dlia, 
capable  of  gertninatiog  without  copulation. 

Vlalfaix  occurs  (requenthr  among  other  ilgse  In  ponds, 
lakes,  and  wateiiiig  troughs,  though  not  often  in  great 
quantities. 

The  resemblance  to  Hormidium  is  great,  though  the 
spedes  of  the  latter  genus  are  apt  to  be  somewliat  smaller, 
and  the  length  of  the  cells  rdativdy  longer  in  proportion  to 
the  breadth. 


taU  KDtibic:  ■.  TCfelative  BlameBl.  X 
XiU.    (,  micnun^ion.    (After  Kkba.) 


304  (301)    FilBtnent  at  first  simple,  later  becoming  a  solid  mass  of  many  cells. 

Sckuomeris  KUtzing. 
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Plaot  in  early  itaga  like  Vhlktix.  IbIct  forming 
a  slender,  solid  parencbynutoui  fllBmeat:  lepnxJuc- 
tlon  by  zoosptKes,  one  from  eadi  cell. 

Quuititin  of  tbe  Eoosporea  B.re  libented  froni  B 
filuDcnt  at  a  time,  tbe  walls  becoming  partially  gelat- 
iDoua.  but  showing  a  parencbynuitoui  itmcturc  after 
the  liberation. 

By  some  European  writers  the  genus  is  regarded  as 
the  ume  as  UIoAris.  but  forms  >uch  u  are  found  in 
America  must  establish  it  as  a  separate  genus.  The 
■oospores  have  four  dlia  and  a  pigment  spot,  as  in 
UloUirix;  ibe  vegetative  cells  may  diange  into  resting 

SMtBmrrii  has  been  found  growing  on  river  banks 
and  in  quiet  fresh  water. 


aos  (aoo)    Filament  mth  gdatinous  envelop 306 

3o6  (309)     Cells  not  in  distinct  pairs. 207 

207  (m8)     Cells  oval,  gelatinous  envelop  homogenous. 

Hormospora  Br^bisson. 

Tliis  is  ngarded  by  many  as  being  but  a 
phase  in  the  developinent  of  Vlellirix.  but  tiie 
very  gelatinous  membrane,  the  rounded  ends 

of  the  cells,  and  the  fact  that  this  form  is  not 

known  to  reproduce  by  zoospores  would  [n(^- 
Fn.  116.  Btmttftn  maliMu  BrAhon.  X  sboat      nte  that  it  u  an  indenendent  genui 

600.    (Ori^nal.) 
308  (307)     Cells  rounded.     Gelatinous  sheath  showing  radial  fibnllar  struc- 

Radiofilum  Schmidle. 

Chromatophore  single,  parietal,  with  one  i^reaoid. 
Cells  spherical,  ellipsoidal,  or  lenticular,  in  some 
■pedes  united  by  short  necks.  Filaments  unbtanciied. 
Reproduction  by  simple  division.  Wille  includes 
HomoipBTa  and  Radiofilum  with  CemiHttta,  a  genus 
not  known  to  occur  in  America. 

209  (306)    Cells  mostly  in  pairs 310 

310(311)  Cells  rounded,  gelatinous  substance  lamellate,  invested  by  the 
antecedent  mother-membrane.  .  .  .  Binudeana  Wittrock. 
Filaments  attached  when  young;  each  cell  pair 
originates  from  tbe  contents  of  a  sir^gle  cell,  and  is 
surroonded  by  a  more  or  less  lamellate  substance, 
about  which  the  original  membmue  is  still  viable. 
Chromatophore  parietal,  reproduction  by  division 


Fio.  aiS.    fiiiMdMr>al>(r«H  Wittrock,   X>bout4;o. 
lOiiciaal.) 

213)    Chromatophore  axial,  with  rounded  dear  spaces  at  each 

end PlankUmema  Schmidle. 

FDamcnts  short,  free-swimming.  Cells  cylindrical,  rounded  at  the  ends,  mostly  in  pairs, 
eacb  pair  separated  from  tbe  next  by  an  apparently  empty  space.  Reproduction  by  division 
within  tbe  membrane  after  which  the  parts  become  separated,  probably  by  a  gelatinous  sub- 
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erSdimidk.) 

3  (igg,  III,  213}  Chroma topbore  a  parieta.1  network.   Microspora  Lagerhdm, 

ChiDinatopbores  band-like  or  netted  and  thickeoed  at  inleivftis; 
membrane  olten  becoming  fragmented  into  H-shaped  pieces.  Kepio- 
duclion  by  mocrozooaporea  and  nucrozoosporea. 

Filaments  free,  unbranchM];  sometimes  resembling  Cmftna.    Mem- 

0.  Ulaufora  bmae  thick,  wmewhat  gelatinous,  and  distinctly  made  up  of  H-shaped 
BnuoH  LaserhciiTi.  IMCces.  the  ends  of  the  H  either  just  meeting  or  oveilapping.  Reproduc- 
X  MS-    (Afta  Wot.)     tioD  by  macroioosporcs  with  four  cilia,  and  microzoospoTes  with  two  dlia. 

313  (199,  aiii  312)     Chromatophores  many,  parietal,  disc-shaped.    Filaments 

fine,  unbranched,  rarely  {Aeronemum)  branched.  Repro- 
ductioQ  by  mono-ciliate  zoospores 214 

314  (21S1  2'6)     Filaments  tmbraached,  at  first  attached:  no  pyrenoids. 

Tribonema  Derbea  and  Solier. 

Filaments   tight  green,   soft  to   the  toudi.      Length  of   cells   one   to   several    times  the 

breadth,  sometimes  slightly  swollen  at  the  middle,    Chromatophores  from  two  to  many,  small, 

parietal.     Reproduction  by  zoospores,  one  or  two  of 

M  <l*»l^Bl*|l'^*n>m«[i        wluch   are   formed  in  a   celt  and  Uberated  by  the 

T       iWaB  r  li^**ni«1)5iluij  membrane  falling  into  H-shaped  pieces.      Zoospores 

obovate,  asynmietricat,  with  two  chromatophoKS  in 

Fio.    ill.    TMantmt   miiur  Xkbs.  the  anterior  part,  one  cilium,  and  do  pigment  spot. 

X  Soo.    (OtIginaLI  Resting  cells  may  occur. 

315  (3^4)  316)    Structure  of  cells  and  zoospores  as  in  Tribonema;  filaments 

composed  of  segments  of  4  to  8  cells;  each  formed  from  the 
contents  of  a  sin^e  vegetative  cell,  the  ruptured  wall  of 
which  is  visible  at  the  end  of  the  segment.  Division  rarely 
longitudinal Bumtlleria  fiorzi. 

Elhunents  usually  short.  Zoospores  the  same  as  in  TrAmtena,  but  liberated  through  a  dis- 
solved portion  of  the  membrane,  instead  of  through  a  dicular  spht  dividing  the  membrane  into 
two  portions.    Resting  cells  may  be  formed. 

Flo.  111.  BwmOlala 

916  (314,  315)  Structure  of  cells  and  zoospores  as  in  Tribonema.  Filaments 
minute,  richly  branched,  easily  passing  into  a  unicellular 
condition Aeronemum  Snow. 


Chromatophores  pale,  sev- 
eral in  a  cell,  without  pyrenoids 
and  doseiy  applied  to  the  mem- 
brane. Reproduction  by  zoo- 
qnres  which  have  a  single  dll- 
um ,  a  small  chromatophore,  and 
a  pigment  spot.  They  move 
withanomoeboid motion.  This 
may  be  the  same  as  MetmcOia 
Gemeck,  though  the  branching 
n  much  more  abundant  than 
b  described  in  that  form. 


TbsSwIlJ 
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317  (19S,  318)  Plants  of  unbranched,  free-swinnmng,  moic  or  less  gelatinous 
filaments,  the  ceils  very  long;  chlorophyll  parietal  and  sur- 
rounding a  number  of  krge  conspicuous  vacuoles  which 
show  as  a  row  of  lighter  areas;  pyrenoids  numerous.  Re- 
production by  heterogametes. 

Family  Spkaesopleaceae. 
Only  one  genus  known SpliaeropUa  Agardh. 

Cells  cylindrioJ,  Upering;  Itnath 
eight  to  twenty  times  the  bnaotb, 
Kverol  nuctd  pmeat.  Oogooia  taa 
antheridia  fonned  from  vegetative  ctlls, 
the  ooEOoia  oinUining  miny  oospherea, 
and  the  onthetidia  a  very  large  aumber 
of  anCheroxoids  with  two  dlia;  tbne  are 
liberated  through  holes  in  the  mem- 
braoe  and  enter  the  oogonia  through 
umilai  holes;  the  ooipores  arc  red  and 
have  a  tluck,  rough  membrane.  On 
geTTnination  each  produces  one  to  eight 
zoospores  with  a  [Hgment  spot  and 
tvio  dlia.  Spores  may  be  produced 
partKenDgeaetical[y . 

9l8  (198,  217)  Plants  of  unbranched,  more  or  less  gelatinous,  filaments, 
attached  in  early  stages;  cells  short,  cylindrical,  or  swollen; 
chromatophore  single,  parietal,  with  one  pyrenoid.  Repro- 
duction by  means  of  zoospores  with  two  cilia  and  by  hetero- 

gametes Family  Cylindrocapsaceae. 

Only  one  genus  known Cylindrocapsa  Reinsch. 


Reproduction  aseiual  and  aenul;  asex- 
ual, by  zoospores  and  akioeteai  sexiul.  by 
means  of  oogonia.  each  with  one  ooapoic. 
and  antheridia,  each  with  two  antnero- 
zoids;  oospore  red  in  color. 

This  is  a  veiy  rare  alga  though  it  is 
repoTted  by  G>llins  as  oecuniog  in  Massa- 
chusetts and  by  WoUe  &'  i.  -  ' 

New  York  to  Florida. 


-XiCO 


adult 


Fio.  »;.    Cjdiiiincatta 
a.  vegetative  filameDt;  A.  tor 
aoidi;  I.  aogmuum  with . 
(Aitet  OmkawiU.J 


319  (197)    Filaments  (xxirser,  mostly  branched 330 

3ie  (333)    Chromatophore  with  irregular,  linear,  or  net-like  perforations.    331 

321  (330)    Zoospores  biciliate Family  Clasophosaceab  .    .     322 

ouch,  generally  attached;  duomatc 

ts  granular;  numerous  pyrenoida.  1 

333  (333)     ^laments  never  branched  except  at  the  attachment. 

Ckaetomorplia  Kfltzing. 
FSunoita  attadied  by  a  branched,  rhizoid-like  otgao.    Rqaoduction  by  mcMM  of  MoqMtcs. 
The  tpeck»  of  ibis  geaus  are  mostly  marine. 

333  (321)    Filaments  usually  branched 224 
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324  (337)    Branches  abundant 335 

335(336)    Plant8large,tufted;repioductioiibyzoo^M>res.  CladopkoraK.O.tiiag. 


Plant  trequoitly  very  larse;  diameter  ol  the  Slamenta 
much  greater  at  the  base  than  at  the  ends;  the  Icnglh  of  the 
cella  one  to  twenty  tunes  the  diameter;  reproductioD  by 
loagpores,  many  being  ionned  from  a  vegetative  cell;  these 
with  two  or  foui  dlia. 

The  Dumber  of  spedci  of  ClaJepkara  b  veiy  large,  and 
tbey  are  found  in  fnsb.  bnckish,  and  salt  water,  but  prob- 
ably in  the  greatest  abundance  tloag  the  shores  of  lakes 
*bcre  they  are  constantly  washed  by  the  waves.  Some 
■pedes  are  beUeved  to  be  annual  and  some  pciconial. 


.    CMethen  ihrmvala  KDtting. 


326  (335)    Plant  forming  pulvinate  coatings,  cells  of  two  kinds,  one  light  and 
one  dark CMorotylium  KUtzing. 

Plant  of  erect,  biudung,  parallel  filaments,  forming  firm,  dense  tults  imbedded  in  a  gelatinous 
In  each  Glamoit  several  celb  with  dense  chlorophyll  alternate  with  looget  ones  contain- 
g  less  chloropfiyll,  thus  giving  a  concentric  anange- 
._ent  of  light  and  dar^. 

Chromatophoie  baod-ahaped;  asexual  reproductioa  by 
,   CUtraljIaim  atitradarmm       bidliaCe  zoospores  which  are  formed  in  preaC  numbera 


hwU.) 


(After  Ribm-       in  each  loosporagium.    Aluoeles  ai 


iabo 


great  1 

formed 


337  (^34)     Branches  not  frequent,  rarely  wanting 333 

338  (339)     Branches  long,  scattered;  reproduction  by  resting  ^wres. 

PHhophora  Wittrock. 

Cells  long,  cylindrical;  alcinetcs  formed 
by  the  end  of  a  cell  being  separated  by  a 
membrane,  the  contents  beroniing  much 
thiclter  and  darker,  while  the  membraoe 
increases  in  thickness  and  the  whole  be- 
comes swollen  in  the  middle. 

ifMoMora  kBMrii  WEttinck.   a. 

BLsnttnt;    b-  formatioa  of  rtsting 
.40.     (A(t«  Willradk.) 

339  (338)     Branches  short,  attenuated,  infrequent,    sometimes  rhizotd-like, 

sometimes  lacking  altogether.     .    .     Rhisodonium  KUtzing. 

Filaments    attadicd,   often    curved 


inches 


vhich  c 


t  of 


f  one 


FV).  19(h    JUisoefMHiii  tHBt^ytkUvm  EUIiiii(. 


rhizoids.     Cell  walls  lamellose. 

Chromatophore  netted,  with  sev- 
eral pyrenoids.  Nudd  several  Re- 
production by  biciliatc  loosporea 
and  by  akinetes.  Sometimes  occur- 
ring 00  damp  ground. 
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330  (231)    Zoospores  with  a  drde  of  cQia  near  the  smaller  end. 

Family  Oedoconucea£  .    .     231 

Plants  of  biandicd  or  unbnnched  filaments,  attadud  in  early  stages;  dunniatophare  will) 
intigulai,  Unear,  or  net-like  peiforations  and  sevenl  pyreaoida;  membrane  often  with  ttansvene 
striattons  at  one  end  of  a  cell.  Reproduction  by  means  of  loospores  with  a  drde  of  dlia  near 
the  smaller  old  and  by  hateiogamela. 

331  (333)    Plaat  not  blanched. Oedagtmiitm  Link. 


Plants  dther  monoedous  or  dioedous;  in  the 
latter  case  the  filaments  beating  anthendia  mSj/ 
be  notmai  filaments,  or  tiny  fikments  of  single 
ceUs  oiled  dwarf  males,  attached  near  the  oogonia. 
These  oriftinate  from  spedal  small  zoospots  called 
androsports.  But  one  ooaphete  in  an  oogonium; 
the  spermatozoid  enters  through  a  perforation 
in  the  wall  or  through  an  opemng  caused  by  the 
throwing  off  <rf  a  cap;  antheridia  single  or  many 
togeth«,  eadi  containing  one  or  two  antheroioids; 
oospore  brown  or  red,  Aseiual  reproductira  by 
Eoospores  borne  singly  io  vegetative  cells;  they 
Eiave  a  crown  of  dlia  about  a  colorless  spot  at  the 


OaiogoHium    occurs    m    almost   all    bodies   of 
Iter  and   several  spedes  are   usually  found 
together. 


Flo.  gjo.    eMcitMium  ir 


BvJbociiaeU  Agiidh. 


_.    the   I   . 

Reprod  uctioo  as  inCWv. 
gmiuni;  the  dwarf  males 
very  frequent. 

Thoui^  not  so  com- 
mon as  Oatogmiium  it 
is  found  all  over  the 
world  and  sometimes 
occurs  in  great  quanti- 
ties, completely  cover- 
ing submerged  higher 
feathery 


oating. 


inches  which 
^ .  J  been  detached  are 
also  often  found  among 
other  algae. 


■riraUIu     Wlltrod. 
Plaol    with    I 
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333  (i3o)    Chromatophore  a  single  equatorial  band,  with  one  p3nenoid.    Fila- 

ments bTancheo,  attached,  frequently  with  a  gelatinous  cov- 
eiing.     Reproduction  by  zoospores  and  isogametes. 

Family  Chaetophoraceae  .  .     234 

334  (243)    The  zoosporangia  of  the  same  form  as  the  vegetative  cells;  the 

laiger  spedes  usually  bearing  long  hairs. 

Subfamily  Ceaetophoseae  .   .     235 

335  (339)     Plant  attached,  differentiated  into  base  and  apex 336 

236  (237,  238)    Filaments  imbedded  in  a  firm,  gelatinous  matrix,  forming  a 

spherical   or  an  irregularly  branched,  ribbon-like   thallus 

attached  at  the  base. Chaetophora  Shrank. 

FiUmcnts  radiating  from  a  amunon  center,  usu^ly  tenniiutias  in  a  colorless  hui;  micni- 
two  cuia  and  a  pigment  spot  DCar  the  aoterioi  end;  maciozoo^x>res  alio  ioimed. 


Fn.  >i>.    Ckadafttn  fliiftrmii  Agudh.    X  lee.    (Oiigiiut.] 

Filaments  not  imbedded  in  a  firm  gelatinous    matrix,  the 
branches  inegulariy  placed,  of  the  same  size  as  the  principal 
Myxonema  Fries. 


Plant  either  several  centimeteia  loDg.  at- 
tached, or  very  minute  and  free,  olteo  passing 
inta  a  palmelU  conilition.  Seiiuil  repioduc- 
[ioD  by  means  of  isogametes  with  two  dlia 
and  a  pigment  spot;  asexual,  by  zoospores 

UyxMtma  is  widely  distributed,  the  mi- 
croacoi^col  forms  occurring  almost  univer- 
sally on  niDBses  and  liverworts  in  damp  local- 
ities, wlule  the  larger  forms  are  frequent  iii 
running  water.  They  have  been  known  to 
completely  cover  the  beds  of  streams.  The 
smaller  forms  are  microscopical,  and  can  be 
detected  only  after  portions  of  the  mosses 
and  liverwort!  are  placed  in  culture  and  the 
Uyimtma  allowed  to  develop. 

It  will  then  lometimes  cover  the  top  of  a 
culture  with  a  thio  film  of  minute  plants. 


SS? 


Uyimum   lnVicwH    KOtilig. 
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238  (336,  337)    Lateral  blanches  in  whorls  0 


169 


tufts,  smaller  than  the  main 
....     Draparnaidia  Boiy. 


Plant  attached  b; 


a  disc  of  cells.    Termidal  cells  usually  ending  in  a  long,  colorless  bair. 
aa  of  moipores  whh  foui  dlia  and  a  pigment  spot.     No  lertilimtioD 

In  Drapanuldia  thepbotoBynthe^s  takes  place  pi 


_. ._.  , ES  place  pi ^ 

Joroplaat  of  the  principal  uds  is  leduccd  lo  a  small,  equatonal  band 
All  loinis  of  DrapanaUia  ace  large  and 


Epall^  in  the  tufted  branches,  as  tha 
.  latonal  band  in  each  cell, 
much  the  same  localities  as  tbe  larger 


1, 


Fm.  134'    AafanwUis  fhnuM  Acudh.   Xiboutje.    (CM|iuL| 

339  (>35)     Plant  epiphytic  adhering  throughout  to  other  plants. 


340  (241)    Plant  oi  iiregularly  branched  filaments,  setae  or  hairs  not  abundant. 

Herpoileiron  NftgelL 


cdb  iritb  a  parietal  chromatopbore,  a 
freaueotW  a  long  rolortess  bair;  re- 

._ .  )(  egg-shaped  zoospores,  with 

__irdliaaDdapdgment  spot,  two  spores  being  fonned 
in  a  single  cell. 


This  is  of  (icqucDt  occurrence  on  other  filamentous 
■]gae  but  usually  occurs  only  as  small  isolated  In- 
dividuals. 

It  has  long  been  included  under  tbe  name  of 
Aphamechaat,  but  the  name  BtrfasttireK  seems  to 
have  priority. 


BBtumrtn  tanimkala  NlgeU.    X  Ai 
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341  (140)    IntUvidiml  cells  flask-shaped,  each  with  a  long  slender  hair  from 
the  smaller  portion.    ....    .ChaetosphatridiumKiehabn. 

Chronutaphore 
paricUil,  wiUi  one 
pyrenoki.  Repro- 
ductioD    by    Eoo- 

wnidi  are  pniducn] 
inacdl.  Hoiiian- 
Ul  djvisuins  of  the 
cells  slao  occurs, 
the  lower  ol  the 
dau^ter  cells  pass- 
ing gradually  to  the 
side  of  the  upper 

CktitloifkiUTidiiim 
is  widely  distrib- 
uted in  the  United 
States  though 
rarely  occutring  in   ' 


ing  a  few  cells  at  a 

These  are  usu- 
ally attached  to  fil- 
amentous  a^ae  and 
are  inconspicviouB, 
though  the  long 

l^S 


Fn.  i]6.    CkmaHiainllkm  tri*tsktimii  Kkbalm.     X  about  4>S-    (After  Huea.) 

^42  (334)    The  zoosporangia  different  from  the  vegetative  cells. 

Subfamily  Curoolepideae  .    .     243 
^43  (>44.  245)     Plant  minute,  tree-like  in  its  branching;    reproduction  by 

Microthamnion  NfigeU. 

Branches  from  the  upper  end  of  a  cell  and  not  aep^ 

rated  by  a  membrane;  obtuse  at  the  tip;   a>br  pale; 

chromatophore  a  parietal  band  with  no  pyrenoid.   Zoo- 

'        the  ends  of  htameuts. 


344  (343,  34S)  Plant  coarse,  irregularly  branched,  partly  erect  and  partly 
creeping  on  stones  and  trees;  when  aerial,  often  colored  red 
by  haematochrome.  Membrane  thick;  reproduction  by 
zoospores  and  gametes TrenUPoUia  Martius. 

Chromatophores  many,  irregular  dists,  without  pyre- 
Doids;  gametangia  and  zoaspotangia  mostly  terminal; 
gametes  and  zoospores  similar,  being  egg-shaped,  with 
two  cilia  and  haematochiome,  but  no  definite  pigment 
spot.    A  palmella  condition  may  occur. 

These  are  sometimes  referred  to  as  the  aeiial  algae 
because  they  exist  principally  in  tbe  air  and  foim  often 
blight^olotid  incrustations  on  the  bark  of  trees  and 
stones.  Tbey  are  not  infrequently  found  in  connection 
with  lichen  fungi. 

As  the  TtenltpoUias  are  principally  aerial.  Che  lib- 
eration of  the  loospores  and  gametes  can  occur  only  at 
the  time  of  a  rain  or  in  the  presence  of  a  heavy  dew. 
FlO.  13S.     TrtHUpeKii  u»'»i'  Huiat.     X  iij.     (After 
Collins  and  Haiiot.) 
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345  (343,  344)  Structure  as  in  TrenUPo/Uia  but  many  of  the  cells  having 
setae Nylandera  Hariot. 

Then  b  but  one  ipedes  of  this  genus  described,  and  the  only 
point  of  distinction  between  this  and  TrenlepoUia  is  the  ntbct 

Fie.  139.    SytaaJtn  Itnlaadala  Huiot.    X  14O'    (After  HufotJ 

346(191,196)    Plant  an  attached  disc 347 

347  (348)  Plant  a  small,  attached  disc  or  cushion  of  cells,  made  up  of  radiating 
rows  of  cells  either  separate  or  grown  together,  bearing  on 
the  surface  long  sheathed  hairs.  Reproduction  by  means 
of  zoo^xires  and  by  heterogameteq. 

Family  Cou:ochaetaceae. 
Only  one  genua Coleochaele  Br£bisson. 

Cells  with  s  single,  large,  parietal  chromBto^ore  uid  a  pyrenoid.  Any  vegetalive  cell  may 
^ve  rise  to  an  enr-ahaped  EoospoTC.  Plaota  either  tnonoecioua  or  dioecious;  oogoaia  Qask-ahapcd, 
at  the  end  ol  a  branch  ot  row  of  cells;  authcridia  near  the  oogoaia,  each  bomng  a  single  anthero- 
mid ;  a  layer  of  cells  develop  about  the  oo^nre.  On  gerroination  the  oospore  divides,  produdng  a 
number  of  celb,  in  each  oat  of  wfajch  a  zoospore  is  fonned;  these  reproduce  the  parent  plant. 


Fia  140.    Colucjbufe  mUa  SiCtdann.    Portion  tt  a  disc.    X  about  iij. 

948  (347)  Plant  a  disc,  of  one  or  more  layers  in  thickness,  adhering  through- 
out to  a  substratum,  often  bearing  gelatinous  hairs.  Repro- 
duction by  means  of  zoospores,  and  in  some  instances  by 

isogametea Family  Mvcoidbaceae. 

Only  one  genua  recorded  here Vlvella  Crouan. 

Plant  a  disc  of  radiating  rows  of  cells,  a  single 
layer  in  thicltneas  on  the  margin  and  several  in  the 
middle;  chromatophore  single,  but  thickened  so  as 
to  give  the  appearance  of  many;  pyrenoid  single. 

Appearance  much  as  in  CaUoekacle  except  that  mem- 
brane and  hairs  are  more  gelatinous  and  the  hain 
have  no  sheaths.  Reproduction  by  zoospores  only. 
These  have  cilia,  and  arise  first  at  the  center  of  the 
disc  and  later  toward  the  margin.  On  the  surface  of 
water  plants.  Mr.  F.  S.  Colllos  believes  this  to  be 
Ciarlopellis  but  seiuai  reproduction  characteristic  for 
ClatloprUii  has  not  been  observed  in  this  form. 
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349  i^S,  190)    Plants  of   non-septate,  branched  filaments,  [oiroing  felt-Uke 

masses  on  water  or  earth;  or  plants  minute,  growing  on  the 
surface  of  moist  earth  01  in  the  tissues  of  higher  plants; 
nuclei,  many.     Reproduction  by  zoospores,  isogametes,  or 

beterogametes. Order  Slphomales     .    .     150 

Many  nvujne  forms;  frtah  watei  forms  fen,  differing  greatly, >»  B<pp«raiice  and  reisTKluclJon. 

350  (351,  352)     Plant  a  felt-like  mass  of  branched  filaments  which  contain  no 

septa  except  when  reproductive  bodies  are  formed. 

Vaucheria  de  CandoUe. 
Plant  branched;  diromatopbores  nu- 
meroiu.  pBTietBl,  disc-Bhaped;  aaeiual 
repri>ductioQ  either  by  tooa^nt  or  by 
akuiBtes,  the  former  bonie  singly  in  ter- 
minal ^rarangia.' the  latter  occuning  aa 
spherical  cells  on  short,  lateral  branches; 
oogonia,  eadi  containiog  ooe  oosphere,  and 
antheiidia,  each  with  many  antherozoida 
are  borne  side  by  side  eithei  laletally  or 
on  the  ends  of  short  branches. 
Fio.  141.  Vaaditria  rtfHi  HtmtB.  Xyra. 
tOrWinal.) 

351  (250,  353)    Plant  growing  on  moist  earth,  about  i  mm.  broad,  erect,  green, 

balloon-shaped,  with  brandied,  colorless  rhizoids  at  smaller 
end Botrydium  Wallroth. 


>,  mbute,  parietal,  each  with  a  pyre. 

. r-"*;  under  dry  oonditiona  resting  spores 

way  be  formed  in  the  branched  liJzrad-like  organ  of  atudu^t. 


BatrjUum  paualBliam  GievOfe.     X  U.    <Ailer  Gocbd  and 


353  (350,  351}    Plants  growing  on  the  tissues  of  higher  plants. 

PkylioHphm  Kuhn. 


Plants  parasitic  hi  the  leaves  and  stems  of  aquatic 
plants.  Toe  lower  end  b  inflated,  green,  the  uroer  nart 
mlorless.     In  the  vegetative  port  the 


Fro.  144.    PkyOasiflun  ariari  KOhn.    Cdls  a(  bart  not  tbown. 
X  4°.    (After  Jut.) 

353  (i)  Rant  coarse,  at  least  several  centimeters  long,  with  a  linear,  cylin- 
drioil,  occasionally  branched  axis,  showing  nodes  and  inter- 
nodes;  at  the  nodes,  whorls  of  cylindrical  leaves  which  in 
turn  bear  leaflets;  sometimes  encrusted  with  lime.     Growth 

apical Order  Cbarale*. 

Only  one  family.     Chakaceae    .   .     354 
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Leaflets  and  intemodes  o(  both  axis  and  leaf  are  each  of  but  a  single  cell,  the 
walls  of  which  are  lined  with  chloroplasts  and  in  the  center  of  which  is  a  large 
s^  cavity.  In  Chora  the  intemodal  cell  is  moie  or  less  completely  covered  by 
a  layer  of  cortical  cells  of  the  same  structure.  A  swamp-like  odor  is  usually 
present.  Reproduction  sexual  only;  plants  either  dioecious  or  monoecious,  but 
in  the  latter  case  the  antheridia  mature  before  the  oogonia.  The  antheridium 
is  spherical,  its  wall  composed  of  eight  "shields"  which  contain  red  chromo- 
plasts  on  their  inner  surfaces.  Attached  to  the  middle  of  each  shield  and  pro- 
jecting inward  is  a  dub-shaped  ceU,  the  manubrium,  which  in  turn  bears  a 
short  cell,  the  capitulum.  To  the  capitula  are  attached  secondary  capitula 
bearing  four  long,  slender  filaments  made  up  of  many  cells,  each  coDtaining 
an  antheiozoid;  the  antfaerozoids  are  spiral  in  form  and  have  two  cilia  at  thor 
anterior  ends;  the  oogonJa  are  egg-shaped  and  are  covered  by  five  ^iial 
cells,  the  tips  of  which  are  divided,  once  in  Chora  and  twice  in  Niktta,  to  form 
the  "crown."  The  term  sporophydium  has  been  suggested  for  the  structure 
including  the  oospore,  its  basal  cell,  and  enveloping  cells.  Bekiw  the  crown 
cells  the  antherozoids  penetrate  to  effect  fertilization.  Oospores  are  brown  or 
yellowish;  on  germination  they  produce  first  a  simple  row  of  cells,  the  pro- 
embryo,  on  which  the  new  individual  arises. 

354  (^57)    Points  of  the  crown  of  the  oogonium  two-celled. 

Subfamily  NiTBLLEAE    .   .  355 

^55  (356)    Leaflets  projecting  beyond  the  tips  of  the  leaves,  gjving  the  appear- 
ance of  forked  leaves NiUUa  Agardh. 

Axis  and  leaves  oever  with  a  cortical  covering  and  seldom  encrusted 
with  lime.  Laves  with  but  one  whorl  of  Inflets,  but  these  io  turn 
may  bear  whorta  of  leaflets,  those  of  the  last  order  always  iKojectiog 
beyottd  the  leaves,  giving  them  a  divided  appearance.  The  antheridium 
always  terminal  on  tlie  middle  leaf  or  leadet.  Oogooia  either  single  or 
KvenI  together,  in  the  [dace  of  lateral  leaflets. 

F>o.24i.    ffMIaw.    Natuislrise.    (OiifinaL) 


356  (355)    Leaflets  not  projecting  beyond  the  tips  of  the  leaves,  or  not  present. 

TolypeUa  A.  Braun. 

Stem  and  leaves  never  with  a  atrtial  covering.  Leaves  with  one  to 
three  whorls  of  leaflets,  which  in  turn  may  bear  other  whorls  of  leaSets. 
much  smaller  than  the  first.  Antheridia  single  or  several  together,  which 
arise  fnim  the  basal  or  the  first  node  of  a  1^.  Oogaota  several,  sur- 
iQuoding  the  aatheridla.     Plants  usually  moooedousi 

Fh.  mA-    Ttht^la  iriUfca  v.  Leonb.    Thiee-louiths  utuni  rin.    (PottloD 
dl  fifure  ifter  WiUe.) 
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357  (254)    Points  of  the  crown  of  the  oogonium  one-celled. 

Subfamily  Chakeaz. 
Only  one  genus  known  in  America Ckara  A.  Braun. 

Planti  moatly  encrusted  with  lime.  Frindpol  ads  and  leaves  more  or  less  completely  cov- 
ered with  a  layer  of  cells  forming  the  cortex.  Leaves  lii  to  twelve  in  a  wliorl,  each  usually 
with  several  wborii  of  leaflets,  moMly  with  stipular  outgrowths.  Antheridia  aod  oogooia  01 
llie  upper  side  of  leaves.    Plants  d'*""  t./.~— ^«...  «.  ^: — ;«..- 


.    ^.twa-thiidiwtiual  SB  portion  of  fiiun.     tAfterWiOe.)    £.  portioD 


In  Europe  two  other  genera  have  been  recognized  under  the  Chareae  as  fol- 

A.  Sporophydia  borne  on  the  inferior  Nde  of  the  cell  which  carries  the 
antheridium Lamprolhamnus  A.  Braim. 

B.  SpoTopbydia  occupying  the  place  of  a  leaflet  on  the  anterior  side  of  the 
leaf,  situated  between  antheridia Lychnotkamnus  Leooh. 


Class  m.    Phaet^hycue 
Color  brown;  plant  coarse  and  large;  or  fine,  filamentous. 
All  species  are  attached  and  have  a  dark  01  olive  green  color.    Many  are 

smaU  and  resemble  the  Confervaies  while  others  reach  an  enormous  size. 

Sexual  reproduction  takes  place  by  antheridia  and  oogonia  in  the  larger  species, 

and  by  iaogametes  and  zoo^Mres  in  the  smaller. 
The  members  of  this  class,  with  a  very  few  exceptions,  occur  in  salt-water, 

and  the  classification  of  some  fresh-water  forms  which  are  often  placed  in  this 

group  is  doubtful. 
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Only  one  geous  listed  here.  Plant  upright,  many  centimeters  long,  diSer- 
enliated  into  a  pseudo-parenchymatous  principal  axis  and  branches,  covered 
with  shoit,  unbranched  hairs.    Color  an  olive  brown.     ....    Thorea  Bory. 

Re[Hnduction  uaUBil  only,  om- 
sisdng  in  the  formatioD  oi  iporBiigk 
on    the  outer  surface  of  the   aiis, 

without  dlia  Bjid  without  membrane. 
The  position  of  Uus  alga  in  the  syt- 
tem  of  cluaifiatiiin  is  very  doubtful, 
but  for  convenience  it  ii  iriaced  with 
the  Fhaeephyctat. 


Class  IV.    Rhodophyceae 

Color  red,  or  a  dull,  purplish  green;  plant  sometimes  complex  in  structure; 
reproduction  sexual  and  in  most  cases  asexual  also. 

Only  one  order Florideae. 

Plants  moMly  inhabitaats  of  salt  water,  but  represented  in  fresh  water  by  seven]  genera. 
Tlie  structure  o(  the  different  freah- water  genera  varies,  but  the  sexual  form  of  reproduction  is 
eaaentially  the  same  in  all.  The  male  reproductive  organs  are  bonie  on  the  ends  of  filamentous 
branches,  the  amtents  of  each  of  which  produce  a  single  spermatium.  The  female  organ  is 
flask-shaped,  io  the  larger  portion  of  wbidi,  the  carpogonium,  lies  the  oospbere;  through  the 
long  neck,  the  trichogyne,  the  spermatium  is  conducted  to  the  oospbere  at  the  base,  it  having 
been  previously  carriisi  by  the  water  to  the  projecting  tip  of  the  trichogyne.  As  a  result  of 
fertilization,  densely  branched  filaments  arise  from  the  base  of  the  mtpogonium,  on  the  ends 
of  nhich  are  borne  cuposporei;  these  spore-bearing  branches,  and  the  sterile  branches  which 
usually  surround  than,  together  form  the  cystocarp.  In  Chanlnuaia  ud  in  many  salt- 
water spedea  tctiaspares  are  aho  formed, 

I  (8)    Plant  branched 2 

3  (s)    Branches  simple  and  not  in  whorls 3 

3  {4)  Plants  coarse,  of  simple  or  occasionally  branched,  hollow,  tapering 
bristles  with  node-like  swellings;  brownish  or  dark  blui^- 
green  in  color Lemanta  Bory. 


er,  supported  at  intervals  by  tiansverseb  placed  cells.  Anther- 
luia  borne  m  great  numbers  on  the  sur&ce  of  the  node-like  swelHngs, 
a  single  spermatium  in  each.  Carpogonja  imbedded  in  the  outer 
wall  of  tbe  bristles,  the  tip  of  the  tridiogyne  only  [^ojectldg.  CfaaJni 
of  carpoapores  jHWJect  toward  the  center. 


.    One-hilf  uatunl  dn.    (After 
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4  (3)    Plant  a  steel  blue,  brownish  or  red,  consisting  of  a  single,  branched 

row  of  cells,  the  branches  of  the  same  structure  as  the 
principal  aiis,  irregularly  placed  and  not  in  whorls. 

Chatttransut  Fries. 

sembliiig  coipospores  on  the  tips  of  cells. 

CiatUrimiia  dulytia  Fries.     X  ign. 

(Alter  Kitchiut.) 

5  (a)    Branches  in  whoris. 6 

6  (7)     Plant  purplish  or  bluish,  beaded  in  appearance,  due  to  whorls  of  dichot- 

omous,  accessory  branches,  composed  of  a  single  chain  of 
cells  on  a  pseudo-parenchymatous  axis. 

Batrachospervtum  Roth. 

Plant  levenl  centimeters  tong;  occasionally  dioecious,  the  antheridia  at  the  ends  □[  acces- 
>ory  brancbes,  the  carpogonis  frequently  aotr  tbe  axis;  the  carpoqwres  give  rise  to  a  proto- 
Dcma  on  which  the  adult  (onn  may  origiaate  as  a  branch.  The  protoDema  may  alM  give  rise 
to  asexual  ^N>rcs  which  again  may  produce  pr-' 


BamilmpinHtm  frvhum 


.    .4.  portion  of  plut. 
XsSd.    <Ori«iiu).) 


7  (6)    Thallus   erect,    richly   branched,    several    centimeters   high;     beaded 

throughout,  due  to  whorls  of  branches  which  are  so  closely 

packed  and  grown  together  as  to  form  a  continuous  outer 

•  sheath,  the  diameter  of  which  b  greater  o[qx)site  these 

branches Tuomeya  Harvey. 


Baikya  ol  KUtcing, 

Flo.  352-    Tutmeya  fimnoioiis  Ha^vvy. 
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8  (i)    Plant  an  unbrancked  filament  of  one  or  more  rows  or  ceUs. 

Bangia  Lyngbye. 


Found   lutuljy  in  npidly-flowiiis  water  oa  wood  and 


Fio.  IJJ.    Jdl^sa  Mro-^rwH  Asudh.     X  13 
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CHAPTER  Vn 
THE   LARGER   AQUATIC   VEGETATION 

By  RAYMOND  H.  POND 

Ltit  Prtfissct  ^  BcUmy,  Ttmi  AftkuUval  CMtf 

Nearly  all  of  the  larger  plants  which  have  distinct  roots,  stems, 
and  leaves  grow  attached  to  the  muddy  substrattun.  This  habit 
of  the  larger  plants  to  grow  as  attached  organisms  is  so  universal 
that  it  can  hardly  be  regarded  as  an  accident  and  it  is  reasonable 
to  suppose  that  such  attachment  offers  some  advantage  to  the 
organism.    Even  the  simple  filamentous  algae  are  often  attached. 

When  a  plant  is  floating  free  any  portion  of  it  may  be  exposed 
to  the  surface  hght,  or  to  the  air,  because  the  water  movements 
may  turn  its  body  in  any  direction  and  such  a  plant  is  better  off 
without  specialized  organs  which  would  be  destroyed  by  exposure. 
It  is  corarnQfi  to  see  drifting  plants  which  are  dying  rapidly  be- 
cause, among  other  reasons,  the  roots  are  exposed  to  the  intense 
light  at  the  surface  of  the  water.  The  small,  free-floating  forms 
are  simple  in  structure  because  no  portion  of  the  organism  has  a 
distinct  environment  of  its  own  and  changes  in  position  are  so 
frequent  that  all  parts  of  the  body  are  equally  exposed.  The 
common  duckweed,  Lemna,  moves  with  the  changing  currents  and 
shows  a  marked  differentiation  into  an  upper  and  a  lower  side. 
Notable,  however,  is  the  fact  that  its  movement  is  always  in  a 
horizontal  direction  so  that  the  upper  side  is  uniformly  up  while 
the  lower  ade  is  down,  with  its  roots  in  the  water,  and  shaded  by 
the  cap-like  upper  side.  Thus  it  is  that  Ceratopkyllum,  which  is 
usuaUy  regarded  as  a  dicotyledon  and  which  certiunly  occupies  a 
much  higher  station  in  the  natural  system  than  Lemna,  shows  less 
differentiation  in  outer  structure  than  the  latter.  In  the  case  of 
Ceraiophyllum  attachment  is  purely  accidental  so  far  as  ^>ecial 
organs  for  the  purpose  are  concerned.  WeU-developed  roots  have 
never  been  found  on  this  plant  although  the  rudiment  of  a  root  is 
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present  in  the  embryo.  The  rigid  segments  of  the  forked  leaves 
frequently  catch  on  the  bottom  so  that  a  portion  of  the  stem  may 
become  buried  and  secure  the  plant  to  the  soil.  Just  as  often, 
however,  the  plants  float  free  in  the  water  at  the  mercy  of  any 
influence  that  may  arise  to  change  their  relative  position.  Exam- 
ination shows  the  entire  surface  of  this  plant  to  be  so  uniform  in 
structure  that  it  makes  no  difference  what  part  of  the  plant  body 
is  vertical  or  horizontal  in  the  water. 

Attachment,  therefore,  favors  and  necessitates  differentiation 
into  specialized  organs. 

In  land  plants  the  roots  are  organs  of  absorption  as  well  as  of 
attachment,  but  until  recently  the  general  understanding  has  been 
that  the  roots  of  aquatic  plants  serve  for  anchoring  oidy.  In- 
vestigations of  the  writer  have  proved  that  the  roots  act  as  organs 
for  the  absorption  of  mineral  matter  from  the  substratum  and  in 
this  respect  are  perfectly  analogous  to  the  roots  of  land  plants. 

Root-hairs  are  present  on  the  roots  of  terrestrial  plants  with  but 
comparatively  few  exceptions.  These  delicate  structures  are  uni- 
cellular with  thin  walls  and  are  formed  by  the  enlarging  and  pro- 
truding of  the  ordinary  peripheral  cells  of  the  root.  Their  presence 
greatly  increases  the  absorbing  surface  exposed  to  the  soil  and  thus 
the  passage  of  mineral  matter  into  the  plants  is  provided  (or  with 
a  minimum  expenditure  of  tissue.  Several  authors  have  stated 
that  root-hairs  are  absent  in  the  case  of  submerged  aquatics.  This 
does  not  seem  to  be  the  case,  however,  as  the  writer  has  found  them 
present  on  17  out  of  the  20  species  common  in  Lake  Erie.  Even 
without  experimental  evidence  it  would  be  reasonable  to  suppose 
that  the  presence  of  root-hairs  indicates  that  the  roots  act  as  organs 
for  the  passage  of  mineral  matter  into  the  plant.  Such  delicate 
structures  can  hardly  be  regarded  as  lingering  rudiments  of  more 
active  organs  present  when  perhaps  the  species  was  terrestrial. 

Land  plants  have  developed  a  highly  specialized  tissue  system 
adapted  to  the  transfer  of  water  from  the  roots  to  stem,  branches, 
and  leaves.  This  conductive  tissue  is  usually  called  the  vascular 
■  system  and  the  necessity  for  it  in  land  plants  is  very  apparent  when 
the  rapidity  with  which  water  passes  from  the  plant  is  taken  into 
account.    That  water  plants  likewise  have  conductive  tissue  has 
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been  known  for  a  lot^  time  and  a  great  deal  of  attention  has  been 
given  to  a  study  of  its  structure.  The  vascular  system  of  aquatics' 
is  much  simpler  than  that  of  land  plants  and  seems  to  represent  a 
degenerate  type  of  the  latter.  Thb  general  fact  has  thus  far  been 
interpreted  uniformly  as  indicating  that  a  conductive  tissue  is 
useless  in  water  plants.  By  logical  inference  such  plants  were  once 
terrestrial  but  degeneration  of  the  vascular  system  has  accom- 
panied adaptation  to  the  aquatic  habit.  A  very  different  interpre- 
tation may,  however,  easily  be  made.  The  significant  fact  is, 
that  even  those  plants  which  hve  wholly  submerged  and  are  with- 
out organs  of  attachment  show  at  least  the  rudiments  of  a  con- 
ducting system.  But  why  should  such  plants  have  any  vascular 
tissue  at  all?  The  epidermis  is  thin  and  permeable  to  solutions  of 
mineral  matter,  the  tissues  are  usually  only  a  few  cells  in  thickness, 
and  in  plants  without  roots,  as  Ceralopkyllum,  absorption  must  take 
place  in  such  a  large  number  of  the  cells  that  a  ^jedal  tissue  system 
for  the  conduction  of  water  is  unnecessary. 

An  aquatic  environment  does  not  favor  the  great  differentiation 
of  tissue  characteristic  of  terrestrial  plants.  When  in  water  plants 
very  simple  imitations  of  the  land  plant  structure  are  found,  this 
condition  does  not  represent  the  extreme  that  has  been  developed 
through  a  long  succession  of  aquatic  ancestors,  but  is  to  be  re- 
garded as  indicating  the  tendency  toward  simplification  made 
necessary  by  increasing  adaptation  to  the  water  life.  From  this 
point  of  view  the  conductive  tissue  is  becoming,  rather  than  has 
become,  unnecessary.  So  it  seems  probable  from  anatomical  study 
that  a  simplification  of  the  vascular  system  is  in  progress  which,  if 
continued,  will  eventually  lead  to  a  suppression  or  total  disappear- 
ance of  special  conductive  tissue.  At  present,  however,  it  may 
safely  be  said  that  the  majority  of  our  larger  water  plants  have 
need  of  vascular  tissue. 

The  leaves  of  water  plants  may  be  either  floating  or  submerged. 
Some  plants  have  only  the  floating  or  only  the  submerged,  while 
several  species  have  both  kinds  on  the  same  plant  at  the  same  time. 
The  floating  leaves  do  not  show  a  great  variety  of  form  and  tend  to 
be  elliptical,  oval,  or  round,  while  some  are  shield-shaped.  Since 
an  aquatic  environment  is  more  uniform  one  cannot  expect  as 
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great  variety  in  leaf  fonii  as  is  noticeable  in  land  plants.    The 
floating  leaves  are  usually  borne  on  a  stalk  which  in  most  cases  is 
flexible,  so  that  the  leaf  blade  may  rise  or  fall  with  the  fluctuating 
level  of  the  water.    The  exposed  surface  of  the  floating  leaf  is 
usually  waterproof.     This  is  provided  for  in  a  variety  of  ways. 
In  some  cases  a  waxy  coating  renders  the  skin  nearly  impermeable. 
This  is  true  with  some  of  the  Potamo- 
gelons.    In  some  cases  a  coatii^  of 
■  very  delicate  hairs  so  abundant  as  to 
enclose  an  envelope  of  air  prevents 
the  water  from  actually  touching  the 
epidermis  proper.     This  is  to  be  ob- 
served in  the  case  of  Nelumbo.    Some- 
times one  may  see  drops  of  water 
standing  on  the  surface  of  such  leaves 
and  when  the  leaf  is  submerged  and 
then  allowed  to  emerge  the  water  rolls 
off  leaving  the  leaf  apparently  dry. 

In  striking  contrast  to  the  floating 
leaves  the  submerged   ones  seldom 
have  a  distinct  blade  and  stalk.    This 
is  con^stent  with  the  general  tendency 
to  uniformity  of  structure  under  a 
uniform   environment.     VaUisneria 
(Fig.  254)  may  be  regarded  as  show- 
ing a  typical  ribbon  form  which  is  well 
adapted  to  life  imder  water,  because 
it  is  so  flexible  and  is  thus  able  to 
endure  swiftly  flowing   currents  or 
wave  movements.    In  some  species,  as  that  of  Potamogeton  per- 
foliatits,  the  subme^ed  leaves  are  expanded  into  blades  but  are 
sesale  on  the  stem,  that  is,  are  without  a  leaf  stalk.    The  latter 
would  be  of  no  advantage  to  leaves  which  are  not  intended 
to  reach  the  surface.    They  would  tend  to  make  the  plant  top- 
heavy  and  easily  uprooted  by  a  sudden  rush  of  water.    Moreover, 
it  is  quite  probable  that  a  greater  exposure  of  leaf  surface  is  nec- 
essary because  of  the  diminished  light  under  water.    Linear  or 
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thread-like  leaves  are  very  common  and  may  be  the  only  kind  occur- 
ring on  the  plant,  as.  in  Potamogeton  pectinatus,  or  they  may  occur 
on  the  same  plant  together  with  floating 
leaves,  as  in  Poiamogeton  natans  (Fig.  255). 
It  is  to  be  noticed  that  mostof  the  monocoty- 
ledons conform  to  some  one  of  the  types 
mentioned,  while  the  dicotyledons  seem  to 
favor  another  habit,  such  as  is  seen  in  the 
finely  dissected  leaves  of  J!(in«»cu/us  ofuott/M, 
MyriapkyUum  spicatum,  Bidens  beckii  (Fig. 
256),  and  CeratopkyUum.   Among  the  dicoty- 
ledons in  which  both  floating  and  submerged 
leaves  are  present,  as  in  Ra- 
nunculus and  Cabomba.  (Fig. 
257),   the  tendency  to  finely 
dissected  leaves  is  conspicuous,  while  in  the  monocot- 
yledons, havii^  both  floating  and  submerged  leaves 
on  the  same  plant,  the  latter  tend  to  assume  the 
ribbon-like  or  the  long  linear  outline,  as  in  Fig.  255. 
Some  of  the  true  water  plants,  as  Bidens  beckii  and 
Myriophyllum  spi- 
catum,   support    a 
vertical  portion  of 
the  main  stem  con- 
siderably above  the  ^^^^P.-.^'^^i"*"-. 
water  surface  and 
on   this  emersed 
portion  ordinary 
aerial  leaves  are 
borne.    It  is  some- 
'^  uu'sSwl!^  ^',^>I?™tf^y"dta^    times  possible  in  the  case  of  such 
bbdotypiai(,(Dkntxi«i™.  iAft«  Gab.1.)      pi^^tg  to  find  Icaves  which  seem 
to  be  midway  in  form  between  the  finely  cut  submerged  leaves  and 
the  bladed  emersed  ones,  so  it  seems  probable  that  the  submerged 
leaves  are  to  be  regarded  as  exposed  leaves  which  have  changed  in 
form  because  life  under  water  requires  such  modification.    Such  a 
modification  has  been  produced  experimentally.    Some  plants  in 
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nature  seem  to  be  able  to  bring  forth  either  floating  or  submerged 
leaves  or  both  as  the  conditions  imposed  seem  to  require.  If  grow- 
it^  shoots  of  Ranunculus  aquaiUis  are  not  allowed  to  reach  the 
surface  of  the  water  only  the  segmented  leaves  develop.  If  sped- 
mens  of  Polamogeton  heterophyllus  are  suddenly  left  stranded  by 
receding  water  th^  floating  leaves  may  persist  and 
be  succeeded  by  more  floating  leaves,  thus  enabling 
the  plant  to  live  for  a  considerable  time,  often 
perasting  until  the  rising  water  returns.  In  such  a 
case  the  submerged  leaves  soon  die  from  exposure, 
but  the  floating  leaves  have,  on  the  upper  surface, 
stomata  which,  in  cooperation  with  the  thidc 
cuticle,  are  aUe  to  regulate  the  loss  of  water. 

Some  of  the  amphibious  species,  such  as  Sagft- 
taria  natans,  are  ^pedaUy  variable  in  leaf  form. 
The  early  seedling  leaves  are  bladeless  and  ribbon- 
like, while  the  later  leaves  which  rise  above  the 
surface  have  a  distinct  blade  and  stalk.  (Figs.  258 
and  259).  From  the  evident  plasticity  of  these 
plants  it  may  be  supposed  that  the  form  of  leaf  to 
be  produced  is  not  predetermined  but  depends 
upon  conditions.  W&chter  has  experimented  with 
Sagittaria  natans  and 
finds  that  plants  hav- 
ing the  ribbon-tike 
leaves  may  be  pre-  ' 
vented  from  later  pro- 
ducing bladed  leaves 
either  by  reducing  the  ' 
intensity  of  light  or 
by  partial  starvation. 
Plants  which  have  already  formed  bladed  leaves  may  be  induced 
in  like  manner  to  bring  forth  the  ribbon  form.  In  view  of  such 
results  it  is  not  unreasonable  to  suppose  that  both  the  floating 
and  the  submerged  leaves  may  easily  have  developed  during  the 
past  from  aerial  leaves  and  that  both  kinds  are  useful  to  many 
^tedes. 


Fn.ijS.  S*titl*'i* 
iHiAU.  TniuitlcHi  fnmi 
libboo-Ukc  to  bUded 
Inva.  I  utuni  tat. 
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Many  of  the  delicate  submerged  plants  will  wither  rapidly  when 
taken  from  the  water  and  exposed  to  the  air.  This  occurs  be- 
cause the  outer  layer  of  tissue  or  epidermis,  as  it  is  called,  is  thin 
and  allows  the  water  contained  in  the  plant  rapidly  to  pass  into 
the  air  as  vapor.  If  a  plant  which  bears  both  floating  and  sub- 
merged leaves  is  exposed  it  will  be  noticed  that  the  latter  wilt  and 
dry  out  tnuch  more  rapidly  than  the  former.  Examination  will 
show  the  cuticle  of  the  floating  leaves  to  be  thicker  and  much  less 
permeable  to  water,  if  at  aU  so,  than  that  of  the  submerged  leaves, 
while  special  openings  may  be  discovered  through  which  water 
vapor  escapes  instead  of  passing  off  aU  over  the  surface  as  in  the 
submerged  leaves.  These  special  openings  are  called  stomata  and 
are  the  same  in  structure  as  those  which  occur  on  the  leaves  of 
land  plants.  The  size  of  these  openings  may  vary  from  time  to 
time  according  to  the  needs  of  the  plant.  Each  opening  is  sur- 
roimded  by  two  cells,  caUed  guard  cells,  which  also  vary  in  size 
and  shape  according  to  the  amount  of  water  they  contain.  When 
turgid  they  become  somewhat  kidney-shaped,  curving  away  from 
the  opening  and  thus  making  it  larger.  When  flaccid  because 
there  is  little  water  in  the  plant  they  tend  to  straighten  out  and 
thus  make  the  opening  smaUer.  Thus,  by  the  activity  of  these 
stomata  whose  action  depends  upon  the  amount  of  water  in  the 
plant,  the  amount  of  water  passing  from  the  plant  by  transpiration 
is  regulated. 

The  number  of  stomata  occurring  on  the  exposed  surface  of  a 
floating  leaf  may  be  quite  large.  One  author  counted  the  number 
of  stomata  present  in  the  area  of  i  sq.  mm,  at  five  different  loca- 
tions on  the  upper  surface  of  the  floating  leaves  of  one  of  the  Pota- 
mogeUms.  He  found  a  minimimi  of  3i6  and  a  maximum  of  276 
with  an  average  of  255  per  sq.  mm. 

It  is  evident  that  stomata  are  intended  for  leaves  which  must 
endure  exposure  to  the  air,  but  they  do  occur,  though  rarely,  on 
the  submerged  leaves  also  (Fig.  260).  Sometimes  only  one  or 
two  submerged  leaves  of  a  given  plant  will  have  them  and 
again  several  specimens  of  the  same  species  may  be  examined 
without  finding  any  at  aU.  The  only  explanation  for  the  occur- 
rence of  such  structures  on  submerged  leaves  is,  that  the  ancestors 
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of  the  plants  bearing   tbem  were   adapted  to  b'fe  on  land  or 
at  least  lived  under  exposure  to  loss  of  water  by  transpiration. 

Other  openii^s  in  the  leaf  have  also  been  found  in 
some  species.    These  occur  at  the  apex  of  the  leaf 
more  frequently  in  the  submei^ed  leaves  than  in 
the  floating  ones.    The  opening  does  not  show  any 
q)ecial  stnicture,  as  is  true  of  stomata,  and  is  formed 
by  the  decay  and  falling  away  of  the  tissue  at  the 
apex,  so  that  the  conductive  vessels  in  the  veins  of 
the  leaf  become  exposed  to,  and  in  direct  communi- 
cation with,  the  water.    In  some  cases  this  disin-  ^%I^^^^^ 
tegration  of  tissue  at  the  apex  may  go  so  far  as  to    J^  "'x^"™ 
change  to  a  marked  degree  the  shape  of  the  apex,     **''^  s«uva««u.) 
making  it  rounded  instead  of  pointed  (Figs.  261  and  262). 

The  formation  of  the  opening  seems  to  occur  before  the  leaf 
matures  but  is  seldom  found  on  the  young  leaves.    In  addition  to  the 
species  already  known  as  bearing  these 
openings  the  writer  may  mention  that 
of  VaUisneria  spiralis  on  whose  half- 
grown  leaves  he  has  observed  them. 
Some  authors  have  suggested  that  the 
passage  of  water  through  the  conduc- 
'^.^'iif'SS^  iJlf*.'b£^"i!!    tive  tissue  is  facilitated  and  that  the 
5^f^"^;Ef;^".'"fc   excretion  is  aided.     This  is  really  a 
"*™'^'  supposition  and  has  never  been  proved. 

The  presence  of  an  earthy  coating  on  the  leaves  and  stems  of 
some  water  plants  may  be  commonly  ob- 
served. This  mineral  incrustation  appears 
like  a  coating  of  mud  on  the  leaf  in  many 
cases,  while  in  others  it  is  not  so  conspicuous 
and  is  only  noticeable  when  the  plant  is 
handled.    Only  the  submerged  organs  seem 

.      ,  ^,        .  .  ,         ,  Fio.  I6i.  PaUmciUn  Jnuui.  Lai  m 

to  bear  the  mcrustation,  even  the  lower    «0Bgiiudin.iKctk>n,  Tii=d«aycd 

,  .  a         •  latot  hu  lalLeD  iwiiy,  laving  [be 

surface  of  floating  leaves  bemg  less  favor-    ^^''"x^bSSt'"''™^!"^ 
able  to  its  formation  and  much  less  fre-    s»uv.s«u.} 
quently  bearing  it.     Poiamogeton  pectinatus  is  seldom,   if  ever, 
incrusted,  while  other  species  of  this  genus  usually  are.    Chara  is 
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seldom  found  without  an  incrustation,  while  VaUisnena  is  never 
found  with  it,  although  the  two  plants  frequently  grow  side  by  side 
and  essentially  under  the  same  conditions.  The  leaves  of  ValHsneria 
are  very  flexible  and  almost  always  bending  with  the .  current, 
hence,  a  deposit  of  solid  matter  is  prevented.  It  seems  probable, 
however,  that  the  physiological  processes  going  on  in  the  plant 
detennine  lai^ely  whether  or  not  an  incrustation  is  to  be  formed. 
The  coatings  are  not  finnly  fastened  to  the  leai  and  may  be  easily 
scaled  off  or  loosened  by  bending  the  leaf.  The  presence  of  the 
coatings  seems  to  make  little  difference  to  the  plant  as  the  tissue 
beneath  appears  of  a  healthy  green  color  though  frequently  of 
more  delicate  tint  than  the  iinincrusted  areas  of  the  leaf. 

In  all  cases  known  the  substance  of  the  incrustation  has  been 
found  chemically  to  be  the  neutral  carbonate  of  lime,  which,  of 
course,  is  insoluble.  Microscopic  examinadon  by  polarized  light 
has  revealed  the  presence  of  minute  crystals  in  the  incrustation 
formed  on  Chara  and  the  same  may  possibly  prove  to  be  the  case 
with  plants  of  other  famiUes.  'The  chemistry  of  the  formation  of 
this  incrustation  is  not  known.  There  is  usually  present  in  the 
water  the  soluble  bicarbonate  of  lime  which  by  loss  of  carbon 
dioxid  is  changed  to  the  neutral  or  insoluble  carbonate.  Some 
have  supposed  that  as  the  plants  withdraw  carbon  dioxid  from  the 
water  to  use  in  the  process  of  starch  manufacture,  this  insoluble 
neutral  carbonate  is  formed  and  deposited  on  the  leaf.  This  proo 
ess  may  be  expressed  chemically  thus: 
Soluble  Insoluble 

CaH,  (CO,)i  =  CaCOi  +  CO,  +  HjO 

Another  explanation  may  be  that  the  oxygen  liberated  by  the  plant 
in  starch  making  acts  catalytically  upon  the  bicarbonate  to  change 
it  to  the  neutral  carbonate.  The  former  process  would  more 
likely  occur  in  water  containing  a  larger  amount  of  the  carbonate 
in  solution  which  would  be  precipitated  except  for  the  solvent 
action  of  the  carbon  dioxid  in  the  water.  The  latter  process 
would  be  more  probable  in  water  containing  very  small  amounts 
of  the  bicarbonate  which  would  remain  in  solution  in  the  absence 
of  the  carbon  dioxid. 
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Since  the  escape  of  oxygen  and  withdrawal  of  carbon  diond  are 
nmultaneously  in  progress  during  the  time  the  plant  is  making 
starch,  both  processes  may  operate  to  precipitate  the  neutral 
carbonate.  If  the  plants  secrete  an  alkaline  carbonate  this  would 
inunediately  upon  its  escape  from  the  plant  decompose  the  soluble 
bicarbonate  in  the  water  with  the  formation  of  the  neutral  insol- 
uble carbonate.  It  is  uncertain,  however,  that  such  an  alkaline 
carbonate  is  secreted  by  the  plant  and  not  much  emphasis  can  be 
placed  upon  thb  hypothesis.  The  most  recent  explanation  rests 
upon  the  discovery  that  a  soluble  calcium  salt  of  succinic  acid  is 
present  in  the  cell  sap  of  Chara.  The  occurrence  of  this  salt  in 
the  sap  of  other  plants  has  not  been  determined,  but  as  succinic 
add  is  a  very  probable  by-product  in  the  ordinary  processes  of 
plant  physiology,  its  wide  distribution  may  reasonably  be  expected. 
As  the  calcium  salt  escapes  from  Chara  by  osmosis  it  is  most  likely 
decomposed  with  the  formation  of  the  insoluble  carbonate. 

Possibly  the  incrustation  offers  protection  to  the  plant  in  some 
way,  but  this  seems  hardly  probable,  and  at  present  one  can  only 
say  that  its  formation  is  a  consequence  of  processes  in  the  plant 
and  that  its  presence  is  of  little  bene&t  or  of  harm  to  the  plant. 

Various  plant  organs  are  often  found  to  be  covered  with  a  gelati- 
nous coating.  This  may  occur  on  the  lower  surface  of  floating 
leaves  as  in  species  of  Nympkaea.  Young  leaves  and  growing  tips 
are  often  encased  with  it.  In  the  axils  of  leaves  arising  in  a 
rosette  around  a  shortened  stem  it  is  likely  to  occur.  Seed  coats 
are  often  slimy  and  in  some  fruits  the  seeds  at  maturity  are  em- 
bedded in  a  mass  of  gelatinous  substance  which  on  swelling  rup- 
tures the  ovary  walls  and  allows  the  seeds  an  exit.  Some  plants,  as 
Brasenia  peltala,  have  special  glands  to  furnish  the  slime,  but  often, 
as  in  leaf  axils,  there  are  no  distinct  structures  for  furnishing  this 
substance.  Many  of  the  algae  are  embedded  in  a  mass  of  slime 
just  as  the  eggs  of  frogs  are.  Amphibious  plants  and  those  sub- 
ject to  temporary  exposure,  as  in  the  case  of  plants  which  grow  in 
tide-water,  are  doubtless  protected  from  too  rapid  loss  of  water  by 
such  covering.  It  may  also  serve  as  a  protection  for  young  buds 
and  leaves  against  devouring  animals.  It  is  quite  possible  that 
the  gelatinous  masses  in  which  seeds  are  found  embedded  are  of 
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very  different  composition  from  the  slime  which  occurs  on  the  lower 
surface  of  a  floating  leaf.    The  occurrence  of  the  latter  may  be 
accidental  so  far  as  the  plant  is  concerned  and  have  little  im- 
portance in  its  welfare.    In  the  algae  and  even  with  delicate  parts 
of  higher  plants  such  a  coating 
may  serve  to  retard  the  ex- 
chai^e  of  liquids,  thus  pre- 
venting plasmolysis,  or  in  like 
manner  it   may  enable   the 
plant  to  maintain  a  cell  sap. 
of  much  greater  density  than 
^™*Jin^SEf  ^g.iSS.r^SSSri^S'  that  of  the  surrounding  water 
<Ai«.G»bd.,  (Fig.  263). 

Quite  a  number  of  terrestrial  species  are  especially  adapted  for 
retaining  and  digesting  as  food  small  animals  which  are  so  unfor- 
tunate as  to  wander  into  the  traps  borne  by  the  plant.  Few 
aquatic  species  have  acquired  this  habit  but  there  are  some  mem- 
bers of  the  genus  Ulruu- 
laria  remarkable  for  the 
special  organs  developed  to 
secure  animal  food.  The 
bladders  are  generally  re- 
garded as  modified  leaves, 
and  structures  resembUng  '' 
stomata  have  been  found 
on  them  in  some  cases. 
The  bladders  have  small 

.       FiaiSd-    Vlna4tiirtaiiiimai.  NuDKroiubladdenontbelci 

ooenmiis  guarded  bv  hairs    x.eiii»md budd*™.  L.fio*«-«taikiisiiw>bovetiiiwi 

ran  J  fi^  „„|g  igj  ,^  or  ,^^  13  to  be  imigiiKd  u  homo 

and  closed  by  a  sort  of  trap-    "  "»  "'•'"■  «'"'"  <="^ ' 

door  which  permits  small  animals  in  the  water  to  enter  but  which 

prevents  any  escape  for  the  victims  (Fig,  264) . 

These  plants  may  float  free,  so  far  as  roots  are  concerned,  but,  as 
with  CeratophyUum,  accidental  attachment  or  rather  anchorage  fre- 
quently occurs  through  entanglement  with  other  plants  or  by  being 
partly  buried  in  the  mud. 

All  of  the  spedes  raise  the  inflorescence  above  the  water  and 
Utricularia  infiata  sends  out  whorls  of  leaves  with  inflated  petioles 
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fiom  the  flower-stalk  to  serve  as  floaters.  As  there  are  land  species 
of  Utricularia  which  also  have  bladders,  it  seems  quite  probable  that 
the  aquatic  forms  have  been  derived  from  the  land  species. 

Some  authors  have  suggested  that,  being  without  roots  and  re- 
quiring more  nitrogenous  food  than  can  be  obtained  from  sub- 
stances in  solution  in  the  water,  these  bladders  have  been  developed 
to  secure  animal  food.  It  is  just  as  probable  that  the  aquatic 
forms  are  merely  using  structures  that  were  characteristic  of  their 
ancestors,  which  were  land  plants.  Why  the  land  species  have 
developed  such  structures  has  never  been  demonstrated. 

Few,  if  any,  of  the  flowering  water  plants  depend  upon  seed  repro- 
duction.   Vegetative  reproduction  by  runners,  tubers,  buds,  stem 
fragments,  etc.,  is  particularly  prominent  among  these  aquatics. 
Seed  reproduction  is,  however, 
common  and  many  are  the  con- 
trivances utilized  for  securing  ■    ■  ^N> 
the  transfer  of  pollen  and  cross         ^^                        .V,-  '^^ 
pollination.    In  some  few  cases,          ^':'■^  ■  ^ 
as  CeralopkyUum,  Naias,  and        ^-  ■-.'■                  .  -Oh^ 

Zannichellia,  pollination  occurs  ^^ -—— ^^— — 

under  water  and  the  pollen  ^^.^.j^^T^^-^n,;  ?^  -.■'■--TT^. 
is  transferred  by  the  water.  ■^?"— ^^^J^'*"^'L,-Ji4-^^— ^Sj= 
The  wind  is  an  important  agent  ^T^X^^^^^'^^T^^^^^^^^i^ 
in  the  transfer  of  pollen  espe-         ^  ~  ^^^-^v*-^^^- 

daily  for  many  of  the  Potamo-  ^  "*=■  '"'^^"itHi,  l^^.f"^"""* 
getons  (Fig.  265). 

The  stamens  and  pistils  of  Potamogeton  crispus  do  not  mature 
on  the  same  plant  at  the  same  time.  As  the  pistils  mature  first 
they  must  receive  pollen  from  some  other  plant  and  by  the  time 
the  stamens  of  their  own  plant  are  ready  to  shed  pollen,  they 
have  been  pollinated  and  are  no  longer  receptive  to  pollen.  The 
pollination  of  ValKsneria  spiralis  has  become  a  classic  illustra- 
tion of  the  remarkable  capacity  for  adaptation  possessed  by  some 
plants.  The  individuals  of  this  plant  are  of  two  kinds  —  one 
bearing  stamens  and  the  other  bearing  pistils  only.  The  staminate 
flower  cluster  is  enclosed  in  a  sac  which  Anally  ruptures  and  the 
staminate  flowers  immediately  rise  to  the  water  surface.    After  a 
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Fu.  )«6.     VaUiimtrU  iplralit. 


short  exposure  to  the  air  the  flowers  reflex  the  sepals  to  form  a 
little  boat  which  floats  about  with  the  dehisdng  stamens  exposed 
to  the  air,  so  that  whenever  the  boat  lodges  by  a  pistillate  flower 
some  pollen  is  deposited  upon  the 
receptive  stigma.  The  pistillate 
dl^^  flower  is  solitary  upon  a  long  stalk, 
which,  ri^ng  from  the  leaf  axils, 
elongates  very  rapidly  until  the 
flower  floats  on  the  water  surface, 
when  the  stigma  is  soon  exposed 
to  receive  the  pollen  from  the 
passing  boats  of  staminate  flowers 
(Fig.  254,  page  181,  and  Fig.  j66). 
Sometimes  where  Vallisneria  is  abundant  the  water  surface  is 
completely  covered  by  the  staminate  flowers,  just  as  Lemna,  the 
duckweed,  often  covers  certain  areas.  As  soon  as  the  pistillate 
flower  is  fertilized  the  stalk  contracts  to  a  spiral,  thus  drawing  the 
flower  under  water  to  mature  the  fnut. 

To  what  extent  Vallisneria  is  propagated  by  seed  is  not  known. 
It  has  been  necessary  for  the  writer  to  take  hundreds  of  these 
plants  from  the  lake  for  experimental  pur- 
poses and  a  seedling  has  not  as  yet  been 
found.  The  plants  growing  in  water  2,5  to 
3.5  meters  deep  fr^^uently  do  not  flower  at 
all  but  readily  propagate  by  runners. 

As    previously    mentioned,    ZannickeUia 
palustris    conducts    its    pollination    under 
water  (Fig.  267).    The  staminate  and  pis- 
tillate flowers  stand  in  the  same  axil.    The  fio.  16;,"  Zamikiauia  paiiuuu. 
filament  of  the  solitary  staminate  flower     Anthen  »«  ni»d  >i»vc  tb^ 

'  HHinu  by  the  long  alamnit. 

elongates  to  raise  the  anthers  above  the      x«boui8.  (aiiq  cabei.) 
stigmas  of  the  pistillate  flowers.     The  pollen  is  heavy  enough  to 
slowly  sink  after  escapii^  from  the  stamens  and  in  still  water 
may  pollinate  the  flower  of  Its  own  plant,  but  in  running  water  is 
usually  carried  to  a  neighboring  plant. 

The  pollen  grains  of  aquatic  plants  differ  in  one  particular  from 
those  of  land  forms  in  that  they  have  only  one  coat.    Perhaps  this 
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is  because  they  are  little  exposed  and  do  not  need  protection  against 
a  rapid  loss  of  water. 

Very  few  species  develop  a  showy  corolla  under  water,  but  Heier- 
onlhera  graminea  is  one  which  has  a  fairly  conspicuous  flower  under 
water- 
Most  of  the  attached  flowering  plants  are  perennial,  and  vegeta- 
tive propagation  is  very  common.    Naias  fiexUis  is  an  annual. 

There  is  a  period  of  rest  for  water  plants  just  as  for  land  plants 
and  as  in  the  latter  so  in  the  former  this  period  occurs  during  the 
cold  season.  Not  all  of  our  perennial  aquatics  make  special  prep- 
aration  for  passing  the  winter,  and  some,  as  Ranunculus  aquatilis, 
Ruppia,  and  Zannichellia,  may  be  found  in  normal  condition  even 
during  the  winter.  The  drifting  fragments  of  CeratophyUum  often 
become  attached  by  accidental  lodgment  and  pass  the  winter  in 
the  vegetative  condition. 

Some  Potamogetons,  Ranunculus  aquatilis,  and  others  will  con- 
tinue to  grow  uninterruptedly  aU  winter  if  planted  in  aquaria  and 
kept  at  favorable  temperature  in  the  greenhouse. 

Vegetative  reproduction  is  the  conspicuous  method  of  propa- 
gation among  the  larger  aquatics,  and  although  many  of  the  species 
produce  seed  there  are  few  which  could  not  easily  persist  if  seed 
production  were  to  be  discontinued.    In  some  cases  fruit  formation 
has  been  abandoned.    Elodea  and  Potamcgetcn  robbinsii  rarely  fruit. 
The  rhizomes  of  most  of  the  water  plants  are  well  developed  and 
represent  a  oinsiderable  portion  of  the  vegetation.    In  some  cases, 
as  in  Potamogelon  perfoliatus,  if  a  plant  he  taken  carefully  from  the 
soil  fully  one-half  the  fresh  weight  of  the  plant  will  be  found  to 
consist  of  roots  and  rhizomes.    With 
the  approach  of  cold  weather  the 
stems   and   leaves   graduaUy  disin- 
tegrate but    the    rhizomes  remain 
alive  and  pass  the  winter  buried  in 
the  mud  and  in  the  spring  send  up  ^    „  „ ,      „    .  ^  ^     „. .       ^ 

shoots     from     the     b\lds     previously     November  with  winUi  bud..   (AfLoImiKh.) 

formed  (Fig.  268).  Heteranihera  graminea  has  long  black  rhizomes 
that  are  cord-like  and  often  quite  tough.  The  young  plants  seem 
in  some  cases  to  rise  from  the  runners  adventitiously.     Among 
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the  Nymphaeaceae  large  tubers  are  common  and  young  plants  of 
Nymphaea  alba  may  sometimes  be  found  floating  about  attached 
to  a  tuber. 

The  swamp  plants,  such  as  Typha  and  Scirpus,  also  have  exten- 
sive rhizome  systems  which  are  important  means  of  wintering  and 
acquiring  new  territory. 

Some  plants  have  winter  buds  or  hibemacula  which  form  in 
autunm,  separate  from  the  parent  plant,  often  drift  to  a  new 
locality,  and  &ially  sink  to  pass  the  winter 
in  a  dormant  condition  only  to  commence  a 
new  generation  the  following  spring  (Fig.  269). 
Such  winter  buds  are  commonly  formed  by 
Utricularia,  PotamogeUm  crispus,  P.  zoslerifo- 
lias,  P.  pusillus,  P.frasii,  and  possibly  others. 
The  sinking  of  those  winter  buds  may  be  ac- 
complished by  the  intercellular  spaces  becom- 
ing injected  with  water,  as  is  the  case  with 
I    the  autumn  plants  of  Lemna  minor. 
\        Aside  from  special  organs  of  propagation 
""■'  quite  a  few  plants  acquire  new  stations  by 

means  of  the  fragments  of  vegetative  parts  accidentally  set  adrift. 
It  is  common  to  And  floating  stems  of  Eiodea,  from  the  nodes 
of  which  adventitious  roots  have  risen.  These  roots  grow  straight 
downward  and  the  stem  makes  Uttle  growth  in  length  while  the 
roots  are  seeking  the  soil.  A  fragment  of  Eiodea  was  found  floating 
in  Lake  Erie  which  had  an  adventitious  unbranched  root  45  cms. 
in  length.  The  roots  do  not  branch  in  some  species  until  the  soil 
is  penetrated  and  then  a  system  of  lateral  branches  develops  to 
anchor  the  plant. 

In  PotamogeUm  perfoliatus  the  adventitious  roots  usually  arise 
from  the  nodes  of  new  rhizomes  which  develop  in  the  leaf  axils  of 
the  cutting. 

With  land  plants  the  development  of  roots  on  the  seedling  is  as 
marked  as  the  growth  of  stem  and  leaves,  but  in  several  water 
plants  the  root  development  is  subordinated  to  that  of  the  stem 
and  leaves,  while  in  some  spedes  a  genuine  functional  root  is  not 
developed.    The  rudiment  of  a  root  may  be  present  as  a  part  of 
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the  embryo  in  the  seed,  but  in  germinatioa  this  rudiment  is  sup- 
pressed in  its  development  and  never  gets  to  be  a  real  root. 

The  seeds  of  Ranunculus  aquatUis  will  germinate 
either  on  land  or  in  water  but  the  development  of  the 
seedling  is  not  alike  in  each  case 
(Fig.  270).    The  seed  leaves  are 
similar,  except  that  those  of  the 
land  seedling  are  a  little  wider  in 
proportion.     The  true  leaves  of 
-  the  land  plants  have  broad,  seg-  ■'^^ 
^a:^'i^^ur  "b.  mented  blades,  while  the  water    ^^^ 
und.  (Alter  AikenBsy.)  foim  has  Only  a  fcw  thiead-Uke    (liS^w 
branches  with  little  indication  of  a  distinct  blade. 

PotamogeUm  lucens  and  Naias  major  send  out  a  primary  root 
from  the  seed  upon  which  a  cluster  of  root-hairs  soon  develops  to 
help  anchor  the  plant.  But  this  primary  root  is  not  lasting  and  is 
soon  succeeded  by  adventitious  roots  which  spring 
from  the  joints  of  the  runners  which  developed  in  the 
meantime  (Figs.  271  and  272). 

Ceratophyllum  furnishes  a  very  interesting  instance 
of  suppressed  root  development.  There  is  present 
in  the  embryo  of  the  seed  a  rudimentary  root,  but 
it  never  develops  into  an  organ  of  attachment  or 
serves  for  the  entrance  of  mineral  salts.  When  the 
seed  germinates  this  rudiment  of  a  root  pushes  out 
far  enough  to  let  the  plumule  rise 
from  between  the  emerging  cotyle- 
dons and  then  its  growth  practically 
stops  (Fig.  273).  So  far  as  known, 
s«S^  3rilh"u^-  adventitious  roots  never  appear  on  '^ 

Enrisg.  duUer    of    this  plant.  ^^\ 

i™sach.\  In  ^uphar  and  Brasenia  the  seed- 

ling escapes  from  the  seed  by  pushing  out  a  plug  which  before 
germination  occupies  the  passage  intended  for  the  exit  of  the 
yotmg  plant. 

The  seeds  of  Utricularia  commence  to  germinate  in  the  muddy 
substratum,  but  as  the  embryo  emerges  the  newly  formed  tissues 


i.Ctraltfk)Uum 
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are  so  buoyant  that  the  seedling  rises  to  the  water  surface  often 
carrying  with  it  the  remains  of  the  old  seed. 

By  vertical  distribution  Is  understood  that  which  exists  in  a 
plane  more  or  less  perpendicular  to  the  earth's  surface  and  may  be 
illustrated  by  the  distribution  one  may  observe  in  passing  from 
valley  to  mountain-top  or  by  comparison  of  species  found  at  vari- 
ous depths  in  lake  or  ocean.  Horizontal  distribution  is,  of  course, 
in  a  plane  more  or  less  conformable  to  the  earth's  surface  and  is 
such  as  one  notices  in  pasdng  from  east  to  west  or  north  to  south, 
etc.  Now  the  factors  which  determine  the  horizontal  distribu- 
tion of  water  plants  are:  first,  the  chemical  composition  of  the 
water,  a  factor  which  gives  the  two  large  divisions  of  fresh  and  salt 
water  plants;  second,  temperature  which  gives  zones  of  plant  life 
such  as  arctic,  temperate,  tropical,  etc.;  third,  competition  among 
the  plants  themselves,  a  factor  which  is  likewise  influenrial  in 
vertical  distribution  though  perhaps  to  a  less  degree;  and  fourth, 
the  nature  of  the  substratum,  which  is,  of  course,  most  influential  in 
the  distribution  of  spedes  which  grow  rooted  to  the  bottom. 

To  what  extent  chemical  composition  of  the  water  is  a  factor  in 
the  distribution  of  fresh-water  plants  cannot  at  present  be  stated. 
Sulphur  springs  and  waters  having  unusual  composition  are  not,  of 
course,  fresh  water.  By  the  latter  term  is  understood  such  as 
occurs  in  the  rivers  and  lakes  and  such  as  may  be  used  as  drink  by 
the  animals,  so  far  as  chemical  composition  is  concerned.  Such 
waters  differ,  of  course,  in  the  quantity  and  quality  of  constituents; 
but  whether  such  differences  are  in  themselves  independent  of 
other  factors,  sufficient  to  determine  distribution,  cannot  at  present 
be  stated. 

Suppose  we  should  And  that  the  water  of  some  lake  in  Wisconsin 
is  considerably  different  in  chemical  composition  from  that  of  a 
lake  in  New  York  and  a  spedes  of  Poiamogeton,  for  example,  which 
is  abundant  in  the  Wisconsin  lake  but  unknown  to  the  waters  of 
the  New  York  lake,  be  taken  to  the  New  York  lake  and  planted 
there.  If  this  plant  grows  well  in  the  New  York  lake  we  would 
say  that,  other  conditions  being  equal,  the  difference  in  chemical 
composition  of  the  water  in  the  two  lakes  is  not  a  determining 
factor  in  the  horizontal  distribution  and  that  the  absence  of  the 
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Wisconan  spedes  in  the  New  York  lake  must  be  attributed  to 
some  other  cause  or  causes.  Experimeatal  evidence  is  lackii^  for 
stating  to  what  extent  the  chemical  compo^tion  of  the  water 
becomes  a  detennining  factor  in  fresh  water. 

The  important  influence  of  temperature  on  distribution  is  at 
once  apparent,  although  the  influence  exerted  by  it  is  much  farther 
reaching  than  is  at  first  supposed.  Of  course,  the  forms  of  the 
arctic  waters  would  be  "  cooked  "  by  the  heat  of  the  tropical  waters. 
It  has  recently  been  ascertained  that  the  colder  waters  support  a 
more  abundant  plankton  than  the  tropical  waters,  and  one  writer 
has  explained  this  fact  upon  the  basis  that  the  colder  waters  are 
richer  in  nitrates  and  nitrites  because  the  decomposition  of  organic 
matter  proceeds  much  more  slowly  and  the  organisms  causing  decay  , 
are  not  so  niunerous  and  less  active.  Such  considerations  offer  a 
glimpse  of  how  indirectly,  yet  effectively,  the  various  factors  may 
operate  to  determine  distribution. 

The  competition  of  species  for  space  may  be  conadered  a  factor 
in  horizontal  distribution,  although  it  operates  quite  locally  and 
does  not  work  to  modify  the  flora  of  large  areas.  Chora  is  infre- 
quent on  the  alluvial  bottoms  where  other  species  are  present  in 
abundance,  but  this  is  not  because  it  prefers  poorer  soils  but  because 
it  is  prevented  from  occupying  the  soil  of  its  choice  by  the  other 
spedes. 

The  character  of  the  substratum  is  an  important  factor;  in  fact, 
it  is  possible  to  predict  the  nature  of  the  bottom  from  the  spedes 
that  are  found  growing  in  it.  Among  the  islands  of  western  Lake 
Erie  Polamogeton  heterophyUus  is  common  on  the  reefs  and  pebbly 
shores  but  is  not  noticeable  in  the  coves  with  a  good  soil  substra- 
tum and  so  prominent  is  it  in  the  former  places  that  its  presence 
may  be  considered  characteristic  of  the  flora. 

Light  cannot  be  counted  a  factor  in  horizontal  distribution  be- 
cause there  is  always  suffident  illumination  within  the  limits  estab- 
lished by  other  factors.  In  vertical  distribution  light  is  probably 
the  most  important  factor.  The  amount  of  illuminating  power 
lost  in  passing  to  a  given  depth  is  quite  variable  in  different  waters. 
Fol  and  Sarasin  found  in  Lake  Geneva,  in  September,  light  at 
170  meters,  and  at  i30  meters  a  photographic  plate  was  darkened. 
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In  April  they  were  able  to  detect  light  at  250  meters.  Of  course 
the  clearness  of  the  water  has  much  to  do  with  the  penetration  of 
light  rays.  One  can  see  deeper  into  the  water  of  Lake  Superior  or 
of  Lake  Huron  than  into  that  of  Lake  Erie.  The  latter  is  shal- 
lower with  much  of  the  bottom  clay,  so  that  the  water  always  holds 
minute  particles  in  suspenaon  which  greatly  interfere  with  the 
penetration  of  light.  The  red  and  yellow  rays  contained  la  the 
beams  of  sunlight  are  more  readily  absorbed  than  those  of  higher 
refrangibility.  as  the  blue  and  violet,  but  whether  this  is  of  any 
importance  in  determining  the  vertical  distribution  caimot  be 
stated. 

Schimper  gives  6  meters  as  the  maximum  depth  for  phanerogams, 
although  the  lower  forms,  such  as  Chara  and  Nittlla,  are  said  to 
have  been  found  as  deep  as  30  meters.  Temperature  is  of  little 
importance  because  the  variations  are  so  slight  within  the  limits 
established  by  light.  This  is  not  so  much  the  case  with  the  free- 
swimming,  lower  forms,  but  only  the  larger  plants  are  con^dered 
here. 

It  is  impracticable  to  attempt  an  elaborate  classification  of  water 
plants  according  to  their  habitat  or  adaptation  to  environment. 
In  some  localities  distinct  zones  of  vegetation  may  be  observed 
which  are  apparently  determined  by  the  depth  of  water,  Magnin 
was  able  to  distinguish  four  zones  in  the  lakes  of  the  Jura.  First 
is  the  littoral,  with  a  maximum  depth  of  3  meters,  which  may  be 
divided  into  Phragmitetum  with  Pkragmites  communis  as  typical 
and  Sdrpetum  with  Scirpus  lacustris,  sedges,  Equisetum,  etc.,  as 
representative.  A  second  zone,  the  Nupharetum,  extending  to  3  or 
4  meters,  is  composed  of  plants  with  large  floating  leaves  such  as  are 
common  among  the  Nymphaeaceae,  The  third  zone,  the  Pota- 
mogetonetum,  in  water  4  to  6  meters  deep,  is  characterized  by 
presence  of  several  species  of  Potamogeton,  especially  perfolialus, 
crispus,  lucens,  and  others.  The  fourth  zone,  Characetum,  occupies 
deep  water,  8  to  12  meters,  where  Ckara,  Naias,  and  some  mosses 
cover  the  bottom. 

The  flora  of  almost  any  lake  may  be  regarded  as  composed  of 
zones  and  even  rivers  and  small  streams  show  plant  societies,  but 
a  grouping  for  one  locality  is  frequently  inapplicable  to  some  other, 
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and  the  depth  of  water  for  a  species  varies  imich  according  to 
clearness  and  other  factors  which  may  be  incidental  to  a  particular 
region. 

It  is  pos^ble  to  make  a  general  grouping  which  will  indicate  the 
important  conditions  and  varieties  of  environment.    To  some  one 
of  the  groups  thus  estabUshed  any  aquatic  plant  may  be  as^gned. 
I.  Plants  without  attachment. 

(a)  Plankton,  free  swimming,  microscopic. 
(6)  Macroscopic,  possibility  of  attachment  by  accidental 
lodgment,  as  Lemna,  CeratopkyUum,  filamentous  algae 
common  on  plants  in  coves. 
n.  Plants  attached  to  substratum. 

(a)  Submerged,  algae  as  Ckara  and  Cladophora,  and  phan- 
erogams as  Vallisneria,  Blodea. 
(6)  Partially  submerged,  usually  with  floating  or  emersed 
leaves,  as  Nymphaea,  Bidens  beckii. 
m.  Swamp  plants  or  marsh  forms  with  roots  and  rhizomes  under 
water  but  leaves  usually  emersed  though  able  to 
endure  inundation  and  temporary  submersion. 

Sometimes  representatives  of  each  of  these  three  classes  may  be 
found  in  one  small  lake,  especially  if  the  water  gradually  deepens 
from  a  marsh  or  low  shore  as  in  Lake  St.  Clair  where  the  wholly 
submerged  species  become  so  abundant  as  to  form  an  aquatic 
meadow.  Potamogeton  perjolialus,  P.foliosus,F.  zosteraefolius,  Val- 
lisneria, Naias,  Chara,  Nitella,  Elodea,  and  MyriophyUum  may  be 
found  in  dense  patches  covering  the  bottom.  In  such  formations 
the  struggle  for  space  must  be  severe  and  from  observations  during 
three  summers  on  Lake  Erie  I  should  say  that  Vallisneria  is  a  con- 
queror. Naias  flexUis  may  be  found  in  distinct  formations  in 
which  other  species  are  very  infrequent  but  being  an  annual  the 
creeping  rootstocks  of  Vallisneria  may  easily  invade  its  territory. 

In  many  of  the  small  inland  lakes  the  water  plants  are  important 
agents  as  soU  collectors.  The  aquatic  meadows  tend  to  filter  the 
water  so  that  suspended  matter  sinks  to  the  bottom.  As  the  lake 
gradually  becomes  filled  and  the  water  grows  more  shallow  a  suc- 
cession of  plant  societies  occurs.    The  aquatic  meadows  yield  to  the 
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Potamogekms  with  floating  leaves  and  especia.lly  the  Nymphaea- 
ceae  which  are  followed  by  amphibious  species  until  finally  the 
bog  vegetation  appears  which  may  later  support  the  ordinary 
terrestrial  plants. 

It  may  be  supposed  that  aquatic  phanerogams  have  descended 
from  aquatic  or  from  land  species.  The  former  supposition  im- 
plies that  the  plants,  as  they  are  now,  represent  the  maximum  of 
complexity  in  structure  that  has  thus  far  developed.  The  latter 
supposition  implies*  that  the  simpler  vascular  system  is  not  to  be 
considered  as  foreshadowing  a  more  elaborate  structiire  to  be 
evolved  in  the  future  but  is  a  reduced  form  of  more  highly  developed 
structure  present  in  the  terrestrial  ancestors.  Perhaps  some  spe- 
cies have  had  land  ancestors,  while  others  have  descended  from 
aquatic  forms. 

Considering  the  whole  list  of  fresh-water  plants,  it  Is  noteworthy 
that  the  abundant  groups  are  algae  and  phanerogams.  Bryophytes 
and  pteridophytes  do  occur,  but  infrequently  in  comparison  with 
the  former  groups,  the  thallophytes  and  spermatophytes,  which 
include  a  large  percentage  of  aquatic  vegetation. 

Would  the  great  plant  groups.be  represented  in  this  proportion 
it  the  evolution  of  aquatic  forms  had  proceeded  as  in  the  case  of 
land  plants?  Does  not  a  water  environment  insure  greater  uni- 
formity of  conditions  and  would  not  the  evolution  proceed  more 
slowly  and  the  intermediate  forms  more  likely  persist  in  such  en- 
vironment? How  could  the  great  groups  of  monocotyledons  and 
dicotyledons  ever  become  differentiated  from  ancestors  living 
wholly  submerged?  How  could  the  seed  habit  so  essentially  like 
that  of  land  plants  ever  be  acquired  by  the  descendants  of  sub- 
merged forms?  On  the  other  hand  if  water  forms  have  been 
derived  from  land  forms,  why  are  not  the  bryophytes  and  pterido- 
phytes which  are  frequent  in  moist  localities  better  represented 
in  the  aquatic  flora?  The  change  from  aquatic  structure  to  ter- 
restrial must  be  much  more  dif&cult  than  from  terrestrial  to  aquatic. 
When  a  water  plant  is  suddenly  exposed,  the  loss  of  water  by  drying 
is  so  rapid  that  the  plant  must  die,  while  a  land  plant  may  endure 
submer^on  for  a  con^derable  period.  -  In  one  case  the  change  of 
environment  causes  a  sudden  demand  for  a  complex  vascular  system 
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that  the  plant  is  unable  to  supply.  In  the  other  case  the  land 
plant  may  persist  and  gradually  reduce  in  complexity  structures 
ahready  present.  Thus  it  is  that  the  reduction  of  the  vascular 
system  has  proceeded  in  the  same  manner  in  both  the  dicotyle- 
dons and  monocotyledons,  so  that  the  simplest  stem  structure  is 
alike  for  members  of  either  group.  In  CeraiophyUum  the  vascular 
system  has  become  so  Amplified  that  its  dicotyledonous  relation- 
ship cannot  be  established  by  the  stem  structure. 

How  is  the  presence  of  stomata  on  submerged  leaves  to  be  ac- 
counted for?  It  can  hardly  be  supposed  that  they  are  develoirii^ 
in  anticipation  of  the  time  when  the  species  is  to  have  a  transpiring 
surface.  More  likely  is  it  that  these  stomata  are  reminders  of 
the  time  when  the  spedes  had  an  exposed  surface. 

In  the  genus  Utricvlaria  there  are  land  as  well  as  water  ^>ecies, 
and  the  presence  of  bladders  characterizes  both  varieties.  It  is 
hardly  probable  that  submerged  plants  accustomed  to  the  food 
supplied  in  solution  by  the  surrounding  water  should  acquire  an 
^petite  for  animal  food  and  develop  such  elaborate  and  unique 
organs  for  securing  nitrogenous  nourishment. 

In  some  cases,  as  in  Lemna,  the  ancestry  is  not  so  obvious  and 
convincing  evidence  is  difficult  to  obtain. 

The  pollination  of  Zannichellia  xmder  water  has  been  previously 
mentioned  (Fig.  367).  In  such  cases  the  evolution  of  stamens  and 
instils  cannot  be  regarded  as  having  occurred  in  wholly  submerged 
plants.  Much  less  difficult  it  is  to  understand  how  land  plants 
with  stamens  and  pistils  already  developed  could  gradually  be- 
come adapted  to  an  aquatic  habit  before  these  organs  would  dis- 
^ipear  by  reduction. 

It  is  now  known  that  the  roots  of  several  of  our  genuine  aquatic 
^pedes  hear  root-hairs  whose  presence  certainly  testifies  to  the 
absorbing  activity  of  the  roots  and  the  lingering  terrestrial  habits 
neces^tating  such  organs. 

It  m\tst  be  noted  that  the  foregoing  discus^on  Is  purely  theo- 
retical and  the  intention  has  been  to  awaken  interest  in  the  study 
of  the  aquatic  flora  rather  than  to  offer  a  theory  of  origin  for  which 
any  originality  could  be  claimed. 

Experimental  evidence  may  be  obtained  that  roots  are  organs 
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for  absorption.'  It  is  possible  by  means  of  very  simple  apparatus 
to  actually  measure  the  water  which  a  root  absorbs  in  a  given  time. 
In  one  experiment  of  the  writer's  a  small  cutting  20  centimeters 
long  bearing  a  root  14  centimeters  long  was  used  and  this  im- 
branched  single  root  absorbed  5  cubic  centimeters  of  water  in 
24  hours. 

Another  method  can  be  used  to  demonstrate  that  roots  are 
organs  of  absorption.  A  certain  substance,  namely,  lithium  nitrate, 
which  is  soluble  in  water,  is  offered  in  solution  to  the  roots.  The 
lithium  in  this  compound  bums  with  a  rose  red  flame  and  very 
small  traces  of  this  substance  in  plant  tissue  may  be  detected  by 
burning  portions  of  the  tissue  and  observing  the  color  given  to  the 
flame,  and  by  using  the  spectroscope  the  test  becomes  very  delicate. 
,  In  this  method  it  is  only  necessary  to  enclose  the  root  in  a  bottle 
contaimng  the  lithium  nitrate  solution  by  means  of  a  flexible 
stopper  made  by  saturating  cotton  in  melted  vaselin.  After  a 
time  portions  of  the  stem  which  could  not  posdbly  contain  lithium, 
unless  it  had  passed  to  it  from  the  roots,  are  burned  and  the  flame 
observed  with  the  spectroscope.  Such  tests  have  been  made  re- 
peatedly and  the  presence  of  the  lithium  may  always  be  traced 
through  the  plant  to  whatever  distance  the  tissue  used  in  the 
test  allowed  it  to  travel  in  the  plant.  There  can  be  no  doubt 
then  but  that  the  roots  are  organs  for  absorption  and  that  sub- 
stances absorbed  by  them  are  conducted  upward  into  the  stem  and 
leaves.  The  distance  that  the  lithium  travels  in  a  given  tissue 
probably  does  not  represent  exactly  the  rate  of  ascent  of  the  up- 
ward current  but  indicates  a  rate  of  ascent  which  is  less  than  that 
of  the  water  passage  through  the  plant;  that  is,  water  travels 
upward  a  little  faster  than  the  Uthium  which  it  holds  in  solution. 

Mention  has  been  made  of  the  fact  that  when  cuttings  of  Ranun- 
adus  aqualUis  are  left  to  drift  in  the  water,  new  roots  arise  from 
the  stem  at  the  nodes.  These  roots  grow  directly  downward  and  do 
not  branch  until  after  penetrating  the  soil,  when  they  then  commence 
to  branch  repeatedly,  and  as  the  main  root  pushes  through  the  soil 

'  It  b  not  strictly  correct  to  speak  of  roots  as  organs  for  absorption.  The  struc- 
ture of  roots  is  such  that  solutions  can  pass  into  them.    However,  the  term  is  so 

conunonly  employed  as  to  make  it  impracticable  to  use  other  phraseology  here. 
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more  branches  are  fonned  in  succession.  The  following  experi- 
ment seems  to  strongly  indicate  that  light  inhibits  the  foimation 
of  lateral  branches  of  the  roots  and  that  the  roots  of  drifting  plants 
do  not  branch  because  of  the  exposure  to  the  light.  Five  cuttii^ 
of  equal  length  were  mounted  in  bottles  so  that  about  3  nodes  of 
the  stem  were  inside  the  bottle.  Five  similar  cuttings  were  like- 
wise mounted  in  bottles  which  were  wrapped  with  black  cloth  so 
that  the  roots  which  developed  from  the  nodes  of  the  cutting 
inside  the  bottle  were  protected  from  the  light.  The  darkened 
plants  developed  in  all  22  roots  having  a  total  length  of  1048  centi- 
meters and  bearing  in  all  73  branches.  The  plants  exposed  to 
light  developed  28  roots,  having  a  total  length  of  459  centimeters 
and  bearing  not  one  single  branch.  The  influence  of  light  is  very 
evident. 

There  are  two  pos^ble  reasons  why  soil  may  be  necessary  for 
good  growth.  First,  as  a  source  of  food  and,  second,  as  a  substratum 
into  which  the  roots  can  penetrate  to  anchor  the  plant.  If  the 
soil  is  not  necessary  as  a  source  of  food  the  ordinary  water  in  which 
the  plant  grows  should  furnish  sufficient  food.  If  the  soil  is  neces- 
sary only  as  a  substratiun  to  anchor  the  plant  a  clean  washed 
sand  substratum  ought  to  do  equally  as  well.  Experiments  along 
this  line  have  been  completed  by  the  author  and  it  has  been  found 
that  soil  is  necessary  for  the  good  growth  of  every  one  of  the  plants 
tested.  Clean  washed  sand  cannot  be  substituted  for  soil  without 
sacrifice  of  growth  to  the  plant.  It  is  reasonably  certain  that  not 
one  of  our  common  water  plants  which  naturally  grows  well  rooted 
in  a  good  soil  bottom  could  live  through  an  entire  growing  season 
if  clean  washed  sand  should  be  substituted  for  its  ordinary  soil 
substratmn. 

The  behavior  of  Ranunculus  aquatilis  is  interesting  as  indicating 
(figuratively  speaking)  an  effort  on  the  part  of  the  plant  to  secure 
a  soil  attachment.  This  species  lives  wholly  submerged  in  shallow, 
slowly  flowing  water.  The  leaves  are  finely  divided  and  collapse 
when  the  plant  is  taken  from  the  water.  The  ■  stem  branches 
freely,  any  branch  being  able  to  continue  the  growth  of  the  plant 
if  the  main  stem  be  removed.  Roots  may  arise  at  any  exposed 
node,  except,  perhaps,  the  terminal  one.    If  a  fragment  a  few  inter- 
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nodes  in  length  be  detached  and  left  floating,  roots  will  spring 
forth  from  the  nodes  or  joints  of  the  stem  in  from  6  to  lo  days. 
While  the  roots  are  lengthening  toward  the  bottom  the  stem  does 
not  increase  in  length  but  quickly  resumes  its  growth  after  the 
root  has  penetrated  the  soil.  More  roots  then  arise  from  the  newer 
nodes  of  the  stem  and  as  they  also  enter  the  soil  the  plant  is  drawn 
farther  down  and  finally  becomes  firmly  anchored.  The  roots  of 
such  fragments  do  not  branch  before  reaching  the  soU  but  do 
so  very  shortly  after  the  substratum  is  penetrated.  Numerous 
lateral  roots  then  arise  and  form  in  succession  as  the  m^  root 
advances^ 

The  roots  are  well  supplied  witli  hairs;  those  arising  from  the 
6oating  fragments  are  often  covered  almost  their  enUre  length 
with  root-hairs.  In  one  instance  a  root  was  found  to  be  clothed 
with  root-hairs  for  a  distance  of  45  centimeters,  which  was  practi- 
cally its  entire  length.  Since  this  plant  ordinarily  grows  rooted 
in  the  soil  whatever  growth  it  makes  under  natural  conditions 
must  be  regarded  as  the  normal  growth  and  there  is  no  escape 
from  the  conclusion  that  the  growth  becomes  abnormal  when 
sand  is  substituted  for  soil. ' 

How  is  the  superior  growth  of  plants  rooted  in  the  soil  to  be 
accounted  for?  Is  it  possible  that  the  soil  furnishes  plants  rooted 
in  it  with  food  materials  that  are  not  available  to  plants  suspended 
in  the  water  standing  over  it?  In  1850  it  was  discovered  that 
liquid  manure  loses  its  color  if  drained  through  a  layer  of  soil 
sufficiently  thick.  Not  only  does  the  solution  lose  color  but  the 
organic  and  inorganic  matter  originally  in  it  is  considerably  re- 
duced after  filtering  through  the  soil.  This  property  or  capacity 
of  soil  to  withdraw  salts  from  solution  is  now  well  established 
although  not  well  understood.  For  a  time  authors  were  not 
agreed  as  to  whether  the  retention  or  fixation  of  salts  by  the  soil 
is  a  chemical  or  a  physical  process.  Now  it  is  generally  under- 
stood that  both  chemical  and  physical  processes  operate  to  this 
end.  Some  substances  seem  to  be  held  much  more  firmly  by  the 
soil  than  others.  Various  investigations  go  to  show  that  most 
soils  absorb  the  oxids,  salts  of  the  alkalis  and  alkaline  earths  of 
potassium,  ammoniumj  magnesium,  sodium,  and  calcium  in  the 
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order  given.  It  must  be  remembered,  however,  that  this  reten- 
tion of  dissolved  substance  by  the  soil  is  neither  absolute  nor  per- 
manent. We  may  suppose  that  in  the  case  of  a  lake  there  are  two 
opposing  processes  operating  in  which  the  soil  on  the  one  hand 
tends  to  withdraw  salts  from  the  water  and  retain  them,  while  the 
water  on  the  other  hand  tends  to  bring  salts  from  the  soil  into 
solution.  As  a  consequence  of  those  two  processes  the  lake  water 
contains  certain  salts  in  much  greater  proportion  than  others 
whidi  seem  to  be  firmly  held  by  the  soU.  Just  how  such  condi- 
tions influence  the  plant  is  only  partially  known. 

It  seems  as  though  the  substances  needed  by  the  plant  are  the 
ones  most  firmly  retained  by  the  soil,  —  espedally  the  nitrogen, 
phosphorous,  and  potassium  compounds,  —  and  yet  it  is  hardly 
possible  to  say  that  the  water  does  not  contain  enough  of  those 
substances  in  solution  for  the  larger  plants.  While  plants  cannot 
select  certain  substances  and  reject  others  they  can  to  a  certain 
extent  regulate  the  amotmt  of  a  substance  which  they  absorb. 
It  is  evident  that  all  of  the  substances  absolutely  necessary  for 
the  growth  of  plants  must  be  present  in  the  water  in  solution 
because  there  are  so  many  forms  which  live  as  freely  swimming 
objects  and  depend  whcJly  upon  the  water  in  which  they  live  for 
food.  Lemna,  the  so-called  duckweed,  fives  in  the  water  and  de- 
pends upon  the  water  only  for  food  (mineral),  but  Lemna  has 
been  analyzed  and  foimd  to  contain  substances  in  much  greater 
proportion  than  does  the  water  in  which  it  grows.  One  investi- 
gator found  the  ash  of  this  plant  to  contain  13.16  per  cent  of  potas- 
sium, and  8.73  per  cent  of  phosphoric  add,  while  the  mineral  resi- 
due obtained  by  evaporating  some  of  the  water  in  which  the  Lemna 
was  growing  contained  those  substances  in  the  respective  propor- 
tions of  3.97  per  cent  and  2.619  P^""  '^^ot-  However,  the  fact  that 
Lemna  can  obtain  all  the  food  necessary  from  the  water  alone  and 
that  some  other  plants  must  be  rooted  in  the  soil  to  thrive  is  no 
more  remarkable  than  the  fact  that  some  animals  are  herbivorous 
while  others  are  carnivorous. 

Water  plants  may  be  foxmd  gromng  in  clayey,  sandy,  gravelly, 
or  loamy  soil.  From  field  observation  one  would  say  that  the 
k>amy  soil  supports  the  greatest  variety  of  species.    Wherever  the 
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soil  is  very  sandy  the  species  may  be  abundant  and  likewise  where 
the  substratum  is  distinctively  clay  or  gravel.  From  field  observa- 
tion alone  it  would  hardly  be  possible  to  say  that  the  quality  of 
the  soil  is  the  determining  factor,  because  sand  and  gravel  are  more 
common  where  other  factors  come  in  to  influence  growth  and 
species  selection.  The  loamy  soil  is  most  abundant  in  the  coves 
and  bayous  where  the  water  is  quiet  and  it  is  in  just  such  places 
that  plants  make  good  growth  and  wealth  of  species  abounds. 
Plants  which  would  perish  in  exposed  situations  make  excellent 
growth  in  the  protected  coves  and  we  cannot  be  certain  from  field 
observation  whether  the  difference  is  to  be  attributed  to  the  soil 
or  to  the  more  favorable  locality.  By  direct  experiment,  however, 
it  is  not  difficult  to  ascertain  what  quality  of  substratum  favors 
growth.  In  such  experiments  it  is  very  desirable  to  have  condi- 
tions as  nearly  like  those  in  nature  as  possible.  Three  types  of 
soil  were  selected,  clayey,  sandy,  and  loamy.  A  large  rectangular 
glass  aquarium  was  used  to  contain  a  substratum  of  each  one  of 
the  given  soil  types.  Then  the  three  aquaria  were  placed  upon  a 
submerged  platform  so  that  the  aquaria  themselves  were  also  sub- 
merged. This  arrangement  made  the  aquaria  similar  in  all  condi- 
tions except  as  to  the  quality  of  soil,  and  differences  in  the  growth 
of  plants  in  each  aquarium  coidd  be  very  easily  referred  to  the 
varying  quality  of  soil.  Two  types  of  plants  were  tested  in 
this  way  —  one  was  Vallistteria,  a  tj^iical  water  plant  of  the  phan- 
erogams, and  Chora,  one  of  the  higher  algae.  The  latter  does  not 
have  roots  but  simple  structure  called  rhizoids  which  help  to  secure 
attachment.  With  both  of  these  plants  the  best  growth  was 
made  in  the  loamy  soil  and  the  poorest  in  the  clay  soil,  while  the 
sandy  soil  which  of  course  contained  some  organic  debris  supported 
a  medium  growth.  In  the  case  of  Chara  an  equal  number  of  plants 
of  equal  size  were  planted  so  that  the  dry  weight  of  the  total 
growth  in  each  aquarium  might  be  compared.  IE  the  poorest 
growth  in  clay  be  taken  as  one,  then  that  in  sand  woxild  be  about 
2.06,  while  that  in  the  loamy  soil  would  be  about  3.33.  The  total 
dry  weight  is  of  course  a  fair  indication  of  the  relative  amount  of 
growth  made  and  there  can  now  be  no  doubt  but  that  the  quality 
of  soil  is  much  coacecaed  with  the  plant  growth  upon  it  and  that 
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of  these  three  types  of  soil  the  loamy  one  is  capable  of  supporting 
the  best  growth. 

That  soil  is  necessary  for  good  growth  has  been  previously  men- 
tioned and  explained.  The  interesting  question  arises — why  is  it 
that  plants  artificially  anchored  but  not  allowed  to  root  in  the  soil 
are  unable  to  make  a  good  growth?  It  surely  must  be  a  matter 
of  nutrition,  because  the  soil  could  hardly  be  so  potent  an  influence 
in  any  other  way.  When  the  plants  are  arti&dally  anchored  all 
other  conditions  are  the  same  as  with  plants  rooted  in  the  soil 
except  that  the  roots  of  the  suspended  plants  are  exposed  to  light 
and  are  unable  to  absorb  nourishment  from  the  soil.  That  light 
in  some  measure  retards  root  development  and  thus  diminishes  the 
absorbing  capadty  of  the  plant  is  certain,  but  this  factor  is  entirely  , 
too  small  to  accoimt  for  the  stunted  growth  of  plants  demed  a  soil 
substratimi. 

Chemical  analysis  has  been  employed  for  the  purpose  oi  securing 
if  possible  some  clue  to  the  reason  why  these  plants  cannot  make 
normal  growth  miless  rooted. in  the  soil.  VaUisneria  spiralis,  the 
eel-grass,  whose  elaborate  arrangement  for  pollination  has  been 
described,  was  selected  as  a  typical  water  plant  of  wide  distribu- 
tion. The  history  of  the  material  to  be  analyzed  must,  of  course, 
be  known,  and  in  this  case  a  large  number  of  small  plants  of 
uniform  size  were  carefully  taken  from  the  lake  bottom  and  trans- 
ferred to  submerged  boxes  which  were  alike,  except  that  one  cen- 
tred soil  and  the  other  did  not.  The  roots  of  the  plants  arti- 
ficially anchored  in  the  box  without  soil  were  not  permitted  to 
touch  the  box,  but  dangled  in  the  water,  and  thus  from  the  water 
only  could  nourishment  be  taken.  After  a  certain  time  the  plants 
were  gathered  and  carefully  washed,  only  the  living  specimens,  of 
course,  being  saved.  In  order  to  estabUsh  a  basis  for  comparison 
the  volume  of  each  group  of  plants  was  obtained  by  immersion  in 
water  and  measuring  the  displacement.  The  volume  of  the  plants 
rooted  in  soil  was  taken  to  be  just  twice  the  volume  of  the  plants 
artificially  anchored.  Tins  material  was  then  dried  out  and  the 
dry  weight  taken,  which,  for  the  plants  rooted  in  soil,  was  52.7 
grams  and  for  those  suspended  37.2  grams.  These  figures  show  at 
once  that  the  suspended  plants  are  relatively  much  heavier  than 
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the  Others.  Further  analysis  discloses  the  reason  for  this.  The 
suspended  plants  were  found  to  contain  relatively  twice  as  much 
starch  as  the  others.  This  means  that  the  suspended  plants,  though 
dwarfed  to  one-half  the  normal  size,  still  contained  the  same  weight 
of  starch  that  they  would  have  contained  if  allowed  to  grow  as  the 
others  did  in  the  soil.  Evidently  the  retarded  growth  cannot  be 
because  of  any  scarcity  of  starch.  Since  this  process  of  starch- 
making  is  one  of  the  very  vital  processes  of  the  plant  it  is  im- 
portant to  know  that  being  artificially  anchored  does  not  disturb 
this  fundam^tal  fimction  of  the  plant.  However,  as  a  conse- 
quence of  this  fact,  it  is  evident  that  the  suspended  plants  must 
soon  become  overcrowded  with  stored  starch  and  this  result  in 
itself  may  be  a  reason  for  further  disturbance  of  .vital  processes 
with  eventually  fatal  consequences. 

The  proteid  content  of  the- suspended  plants  was  found  to  be 
smaller,  suggesting  that  sufficient  supply  of  nitrogenous  food  was 
not  available  for  them.  This  shows  that  the  suspended  plants 
must  have  very  soon  fallen  into  an  abnormal  condition  in  which 
the  two  very  fundamental  functions  of  starch-making  and  of  pro- 
teid synthesis  were  not  properly  balanced. 

The  analysis  showed  further  that  the  suspended  plants  contained 
a  relatively  smaller  proportion  of  mineral  matter,  which  of  course 
indicates  that  they  were  unable  to  secure  and  use  as  much  mineral 
food  as  they  needed.  The  elements  most  deficient  m  the  suspended 
plants  were  potassium  and  phosphorus,  two  of  the  most  essen- 
tial substances  which  are  no  doubt  much  concerned  with  the  man- 
ufacture of  food  materials. 

So  far,  then,  as  present  knowledge  is  concerned  we  can  say  that 
the  plants  are  dependent  upon  the  soil  for  a  sufficient  supply  of 
certain  substances,  espedally  nitrogen,  potash,  and  phosphorus. 
When  the  plants  are  compelled  to  take  all  their  nourishment  from 
the  water  an  abnormal  condition  soon  arises  by  reason  of  a  dis- 
proportion between  proteid  synthe^  and  starch  manufacture  which 
is  manifested  by  a  retarded  growth  and  final  death. 

That  such  statements  are  not  conclusively  proven  must  not  be 
overlooked  and  just  why  they  cannot  be  regarded  as  beyond  doubt 
would  be  tedious  to  explain  here. 
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The  natural  conditions  of  our  lakes  and  rivers  are  undoubtedly 
changing  from  decade  to  decade.  The  extensive  destruction  of 
forests  that  has  occurred  in  the  lake  region  and  along  tributary 
streams  has  certainly  indirectly  affected  the  plant  and  animal  life 
in  the  lakes,  although  at  present  it  cannot  be  stated  in  any  detail 
how  such  influences  have  operated.  The  same  may  be  said  in 
regard  to  the  vast  volume  of  organic  matter  that  constantly  comes 
to  the  lakes  and  rivers  as  sewage  from  the  cities.  The  influences 
which  operate  to  regulate  or  determine  the  food  supply  of  the 
water  are  numerous.  Adequate  knowlei^e  is  only  possible  by  a 
thorough  study  of  the  food  relations  among  the  animals  themselves, 
between  the  animals  and  plants  and  between  the  plants  and  the 
soU. 

Cycle  of  matter.  —  Animals  cannot  organize  food  from  inorganic 
substances  but  must  use,  as  food,  matter  that  is  already  organized, 
either  as  vegetable  or  animal  substance.  Plants,  however,  cdn 
and  do  organize  food,  using  both  the  mineral  salts  occurring  in  the 
soil  or  water,  and  the  gaseous  carbon  dioxid  which  occurs  in  the 
ail  and  in  the  water.  The  dependence  of  the  animals  upon  the 
plants  is  at  once  apparent  and  the  dependence  of  the  plants  upon 
the  earth  and  air  is  also  apparent.  The  most  important  influence 
exerted  by  plants  in  fresh-water  biology  is  imdoubtedly  concerned 
with  their  nutrition  but  they  are  also  important  in  other  ways. 

As  geological  agents  in  the  formation  of  marl.  —  The  formation  of 
lime  incrustations  by  water  plants  has  already  been  considered,  so 
that  it  is  only  necessary  to  state  here  that  considerable  evidence  has 
been  brought  forward  to  show  that  the  large  marl  deposits  in  the 
marl  lakes  have  accumulated  as  already  described  throi^  the  ac- 
tivity of  plants,  especially  Chara. 

As  aerating  agents.  —  Both  animals  and  plants  must  have  air  to 
breathe,  and  in  running  water  or  open  lakes  there  is  usually  suffi- 
cient oxygen  dissolved  in  the  water  to  support  the  respiration  of 
the  organisms  present.  In  the  still  waters  of  coves  and  bayous, 
however,  conditions  are  different.  It  is  in  such  places  that  orgamc 
debris  tends  to  accumulate,  and,  in  decay,  overcharges  the  water 
with  the  gases  of  decomposition,  especially  that  of  carbon  dioxid. 
Of  course,  whatever  animal  life  is  present  under  such  conditions 
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still  further  reduces  the  oxygen  supply  and  increases  the  carbon 
dioxid.  The  green  plants  on  the  other  hand  during  sunlight  are 
constantly  u^g  the  carbon  dioxid  for  making  starch  and  giving 
off  oxygen  as  a  waste  product  of  the  process.  In  this  process  the 
volume  of  oxygen  released  equals  the  volume  of  carbon  dioxid 
used,  so  that  an  aquatic  meadow,  growing  vigorously  in  a  still- 
water  cove,  would  be  very  efficient  in  keeping  the  water  well  aerated 
and  much  to  the  advantage  of  all  the  animal  life  finding  food  and 
shelter  there. 

As  affording  shelter  and  refuge  for  smaJl  animais.  —  In  these 
aquatic  meadows  many  kinds  of  young  fish  spend  their  early  life 
during  the  period  when  they  require  protection  from  enemies. 
Here,  too,  many  of  the  smaller  animals  pursued  by  enemies  find 
temporary  refuge  or  are  able  to  evade  their  pursuers. 

As  a  base  of  aiiachmerU  for  algae.  —  Wherever  the  larger  plants 
occur  may  be  found  also  many  smaller  and  more  lowly  organized 
forms  which  use  the  larger  plants  as  supports.  The  simple  forms, 
which  are  usually  algae,  would  be  unable  to  live  as  free  swimming 
individuals,  and  since  many  of  them  are  used  as  food  by  the  animals 
it  is  important  that  they  should  be  allowed  to  develop  abundantly. 
The  dead  as  well  as  the  hvlng  larger  plants  may  be  useful  in  this 
way  and  only  direct  observation  will  reveal  to  one  how  much  of 
importance  the  larger  plants  are  in  this  one  particular. 

As  organizers  of  matter  and  distributors  of  nourishment  for  the 
plankton.  —  If,  as  formerly  supposed,  water  plants  take  their  min- 
eral food  from  the  surrounding  water  and  not  from  the  soil  at  all, 
then  it  is  evident  that  during  the  growing  season  these  rooting 
aquatics  would  be  continually  diminishing  the  food  supply  of  the 
free  swimming  plants,  or  the  plant  plankton,  and  this  would,  of 
course,  result  in  a  decreasing  food  supply  for  the  animals  dependent 
upon  the  plant  plankton  for  nourishment.  In  view  of  the  evidence 
now  at  hand  it  is  certain  that  these  larger  plants  rooting  in  the 
bottom  absorb  inorganic  matter  from  the  soil  and  organize  this 
material  into  plant  tissue  which  can  be  used  as  food  by  the  animals 
and  also  by  parasitic  and  saprophytic  plants  which  can  also  be  used 
as  food  by  the  animals.  This,  then,  is  perhaps  the  most  important 
r61e  of  the  larger  aqiiatic  plants,  in  that  their  life  work  results  in  an 
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actual  contribution  of  organic  matter  to  the  food  supply  of  the 
animal  life.  There  is  no  doubt  but  that  in  a  body  of  water  like 
Lake  Erie  this  contribution  of  organic  matter  made  from  soil  and 
air  constituents  that  would  otherwise  remain  unused  could  be  meas- 
ured in  tons  even  in  a  single  growing  season. 

In  the  marshes  and  shallow  places  immense  quantities  of  plant 
d£bris  are  constantly  occurrit^  and  with  changing  wind  these 
masses  of  organic  matter  are  carried  far  out  into  the  lake,  where, 
during  the  period  of  slow  decay,  they  furnish  food  to  hosts  of  small 
animals  and  in  the  decay  yield  valuable  mineral  salts,  thus  enrich- 
ing the  water  to  the  advantage  of  the  free  swimming  forms. 
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AMOEBOID    PROTOZOA    (Sarcodina) 

By  C.  H.  EDMONDSON 

AiiiilaiU  Pr^atar  <f  Zotlta,  Onittnilje/OTtm 

The  minute  animals  consisting  of  but  a  single  cell  tbioughout 
their  existence  are  commonly  called  Protozoa.  They  are  ■world- 
wide in  thdr  distribution,  swarming  the  seas  from  the  surface  to 
great  depths  and  being  found  abundantly  under  almost  all  condi- 
tions of  mcHSture  in  fresh  water  as  well  as  in  the  fluids  and  tissues 
of  other  animals  where  many  exist  as  parasites. 

The  Protozoa  may  be  grouped  under  the  following  subphyla: 

Subphylum  I.  Sarcodina.  —  Moving  by  means  of  temporary 
extensions  of  the  protoplasm,  called  pseudopodia. 

Subphylum  II.  Mastigophora.  —  Provided  with  one  or  more 
whip-hke  processes,  called  flagella,  as  organs  of  locomotion  or  for 
securing  food. 

Subphylum  III.  Infusoria.  —  Locomotor  organs  in  the  form  of 
fine  hair-like  structures,  called  dlia,  present  during  the  enrire  ex- 
istence or  during  the  embryonic  stage  only. 

Subphylum  IV.  Sporozoa.  —  Without  true  organs  of  locomo- 
tion; usually  reproducing  by  spores.  Para^tic.  No  free  living 
forms. 

It  will  be  observed  that  the  above  grouping  is  based  upon  the 
organs  of  locomotion.  This  basis  has  been  found  a  convenient 
one  for  classification  and  study,  httle  difficulty  arising  except  in 
xmusual  cases  where  species  are  found  to  possess  more  tlian  one 
kind  of  motile  organs  or  where  species  pass  through  distinct  phases 
during  their  life  cycle.  Of  all  the  Protozoa  those  representing  the 
highest  degree  of  simplicity  of  structure  and  the  greatest  general- 
ization of  life  processes,  if  not  the  oldest  in  point  of  time,  are  to  be 
found  in  the  group  possessing  pseudopodia.  These  form  the  sub- 
ject of  the  present  chapter,  the  Sagellate  and  dliate  forms  are 
considered  in  the  next,  and  the  parasitic  Sporozoa  do  not  properly 
call  for  attention  in  this  work. 
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Previously  unknown  on  account  of  their  diminutive  size,  these 
organisms  at  once  attracted  the  early  workers  with  the  microscope. 
Although  Leeuwenhoek  as  early  as  1675  initiated  the  study  of 
Protozoa  by  his  discovery  of  VorticeUa,  an  infusorian,  without 
doubt,  Rijsel's  description  of  AmoAa  proteus  under  the  name  "  Der 
kleine  Proteus,"  in  1755,  represents  the  first  recorded  observa- 
tion of  a  fresh-water  protozoon  of  the  group  Sarcodina. 

In  183s  Dujardin  called  the  visdd,  transparent  substance  com- 
po^ng  the  bodies  of  marine  Protozoa,  which  he  then  had  under 
observation,  sarcode,  but  it  was  not  imtil  1883  that  BUtschli  first 
employed  the  term  Sarcodina  and  included  imder  it  all  forms  of 
Protozoa  which  move  by  means  of  protruaons  of  protoplasm  from 
the  body  proper,  called  pseudopodia. 

Most  of  the  Sarcodina  are  very  minute  in  size.  Very  few  of 
them  can  be  seen  by  the  imaided  eye  and  none  can  be  studied 
with  any  degree  of  satisfaction  without  the  aid  of  a  compound 
microscope.  These  forms  vary  greatly  in  general  appearance. 
Many  of  them  are  naked  masses  of  protoplasm  tending  to  be 
globular  when  first  placed  under  the  microscope  but  soon  assum- 
ing variable  shapes,  protruding  from  the  body,  with  more  or  less 
rapidity,  bhmt,  lobe-like,  or  filiform  pseudopodia,  often  branching 
and  sometimes  anastomosing.  Others  are  provided  with  envelopes 
or  shells,  very  diverse  in  form  and  composition,  sometimes  secreted 
by  the  animal  itself,  sometimes  consisting  of  [ncked-up  fragments 
firmly  cemented  together.  These  envelopes  may  be  compact  and 
rigid,  or  flexible,  and  are  provided  with  one  or  more  apertures 
through  which  the  pseudopodia  are  extended.  Still  other  forms, 
commonly  known  as  the  Heliozoa  or  "sun  animalcules,"  are  typi- 
cally spherical,  sometimes  with  shells  of  delicate  structure  and 
always  with  fine  ray-like  pseudopodia,  usually  rendered  somewhat 
rigid  by  the  presence  o'  stiffened  axial  filaments. 

Fresh-water  Sarcodina  may  be  found  in  very  diverse  habitats 
and  within  wide  ranges  of  temperature.  They  occur  from  the 
level  of  the  sea  ,to  the  tops  of  very  high  mountains.  Perhaps  no 
other  animals  have  such  a  vast  altitudinal  range  as  certain  com- 
mon species  of  Sarcodina.  Roadside  pools  and  also  ponds,  lakes 
and  rivers  are  habitats  of  myriads  cf  these  low  organisms.    In 
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most  of  the  Sarcodina  there  is  a  marked  differentiatioQ  between 
the  endoplasm  and  ectoplasm,  the  difference  consisting  in  the 
greater  density  and  opaqueness  of  the  inner  region.  This  dis- 
tinction between  endoplasm  and  ectoplasm  reaches  a  high  degree  in 
certain  marine  forms,  the  Radiolaria,  where  a  distinct  perforated 
membrane,  the  "  central  capsule,"  separates  the  two  regions.  None 
of  the  fresh-water  forms  possess  a  "  central  capsule."  The  greater 
density  of  the  endoplasm  is  accounted  for  by  the  character  of  the 
inclusions  suspended  in  it  and  by  the  size  of  the  vesicles  which 
make  up  its  structure. 

The  inclusions  conast  of  various  elements:  food  which  is  to 
be  built  into  body  protoplasm,  products  which  may  enter  into  the 
composition  of  the  shell,  waste  material  on  the  way  to  the  exterior, 
or  foreign  elements  which  have  no  part  in  the  physiology  of  the 
animal.  In  some  Sarcodina  algae  or  bacteria  are  constant  features 
of  the  endoplasm,  this  symbiotic  relationship  being  apparently 
essential  to  the  life  of  the  protozoon. 

The  nucleus  is  confined  to  the  endoplasm.  In  a  few  Sarcodina 
condensed  nuclear  elements  have  not  been  observed,  but  in  these 
cases  the  chromatin  is  without  doubt  diffused  throughout  the  cell 
and  has  the  same  functional  value  as  a  centralized  body. 

Usually  a  single  nucleus  is  present,  often  two  is  the  normal  num- 
ber, but  in  some  forms  several  hundred  or  even  several  thousand 
have  been  counted  in  certain  stages. 

Commonly  the  nucleus  is  spherical,  but  may  be  modified  in 
form,  due  to  the  shape  of  the  body  and  to  the  flexibility  of  the 
nuclear  membrane  which  sometimes  permits  considerable  deformity. 

In  most  Sarcodina  the  chromatin  within  the  nuclear  membrane 
is  arranged  in  one  or  more  masses,  but  in  some  of  the  Heliozoa  it 
is  arranged  in  a  network  not  urdike  that  of  the  cell  of  a  metazoon. 

Contractile  vacuoles,  the  function  of  which  is  the  extraction  of 
waste  fluids  and  gases,  are  not  fotmd  in  all  Sarcodina.  These  are 
absent  in  many  of  the  marine  forms  and  in  some  fresh- water  genera. 
When  present,  the  number  varies  from  one  to  many.  Habitually 
the  contractile  vacuole  is  spherical  but  in  some  species  it  assumes  a 
characteristic  lobed  form.  The  position  of  the  contractile  vacuole 
is  not  always  fixed  but  may  frequently  be  shifted  about  by  the 


.dbyCoogIc 


AMOEBOID  PROTOZOA  (SARCODINA)  213 

Sowing  protoplasm.  In  some  forms  its  general  portion  is  fixed 
and  it  reappears,  after  contraction,  in  the  same  place.  As  the 
-  vacuole  becomes  inflated  by  waste  fluids  and  gases  it  rises  toward 
the  periphery  and  collapses,  pouring  its  contents  through  the  open* 
ing  formed  in  the  body  wall.  In  some  of  the  Heliozoa  are  seen 
very  large  contractile  vacuoles  which  rise  to  the  surface  and  push 
the  peripheral  film  outward  like  a  bubble  before  the  collapse  takes 
place. 

Many  of  the  shell-bearing  forms  are  capable  of  raising  or  lower- 
ing themselves  in  the  water.  This  is  believed  to  be  brought  about 
by  the  presence  of  distinct  gas  vacuoles.  The  animals  seem  to  be 
able  to  alter  the  supply  of  carbon  dioxide  in  these  vacuoles  and 
thereby  change  their  specific  gravity.    , 

The  ectoplasm,  when  distinct  from  the  endoplasm,  usually  ap- 
pears as  a  clear  hyaline  zone,  of  greater  or  less  width,  at  the  periph- 
ery of  the  body.  In  most  forms  the  vesicles  of  the  ectoplasm 
are  very  minute  but  in  some  of  the  Heliozoa  they  exceed  those  of 
the  endoplasm  in  size  and  may  be  arranged  in  a  regular  manner 
about  the  periphery,  as  in  Aciinosphaerium  eichkornii. 

The  protrusion  of  the  ectoplasm  is  the  initial  movement  in  the 
formation  of  a  pseudopodium  after  which  there  may  be  a  flow  of 
the  granular  endoplasm  into  the  axis  of  the  finger-like  extension  of 
the  ectoplasm.  At  times  pseudopodia  are  but  broad  extensions 
of  the  ectoplasm  with  no  appearance  of  endoplasm  taking  any  part 
in  their  formation. 

Great  variation  is  seen  in  the  pseudopodia  which  are  character- 
istic features  of  the  Sarcodina.  Among  the  fresh-water  forms 
several  general  types  may  be  observed.  The  naked  and  many  of 
the  shell-bearing  Sarcodina  produce  broad,  blunt,  finger-like,  or 
more  slender,  filiform,  pseudopodia;  the  latter  may  be  delicate, 
pointed  and  finely  branched,  but  neither  of  these  fuse  or  anastomose 
when  in  contact.  Another  variety  is  represented  by  delicate  thread- 
like pseudopodia  which  tend  to  run  together  and  mingle,  forming  a  . 
great  network  of  flowing  protoplasm.  This  is  the  anastomosing 
type  and  is  seen  in  a  few  fresh-water  genera,  but  is  characteristic 
of  many  marine  forms. 
•   In  the  Heliozoa -is  seen  another  variety.    Here  the  ray-like 
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pseudopodia  are  usually  supported  by  "axial  filaments"  which  con* 
sist  of  stiffened  protoplasmic  supports  forming  the  axes  of  the 
pseudopodia  along  which  the  soft  protoplasm  flows.  These  axial 
supports  enter  the  body,  the  inner  ends  apparently  resting  on  or 
near  the  nuclear  membrane.  The  supports  permit  the  flexing  of 
the  rays  and  at  times  they  may  become  soft  and  be  absorbed  by 
the  protoplasm  of  the  body. 

Shells,  which  are  characteristic  of  many  Sarcodina,  may  be  com- 
[K)sed  of  materials  secreted  by  the  protoplasm  of  the  animal  itself, 
such  as  chitin,  silica,  and  calcium  carbonate;  or  may  be  constructed 
of  picked-up  foreign  materials  such  as  sand  grains,  diatom  shells, 
dirt,  etc. 

Shells  of  chitin  are  cdtamon  among  fresh-water  forms.  This 
material  is  deposited  about  the  body  as  a  membrane  with  one  or 
more  openings  for  the  pseudopodia.  It  may  or  may  not  be'applied 
closely  to  the  body  and  is  variable  in  thickness  in  different  species 
as  well  as  with  age.  In  young  individuals  the  envelop  is  usually 
thin  and  transparent;  with  age  it  may  become  thicker  and  more 
opaque.  In  many  forms  the  envelop  is  always  thin  and  flexible, 
permitting  changes  in  shape  of  .the  body  from  the  flowing  of  the 
enclosed  protoplasm.  When  the  deposit  is  in  sufficient  quantity 
a  firm,  rigid  sheU  is  produced.  If  the  body  does  not  completely 
fill  the  shell  the  former  is  united  to  the  inner  surface  of  the  latter 
by  protoplasmic  threads  and  is  capable  of  considerable  amoeboid 
movements  within  the  envelop.  Some  chitinous  shells  are  very 
delicate,  transparent  and  apparently  without  separate  elements, 
while  others  are  composed  of  distinct  plates  arranged  with  more 
or  less  regularity. 

Species  of  Diffiugia  and  other  related  forms  are  provided  with 
shells  composed  of  foreign  materials  including  grains  of  sand, 
diatom  sheUs,  and  particles  of  dirt.  These  materials  are  attached 
to  a  thin  chitinous  layer  and  cemented  together  into  a  compact, 
rigid  shell  with  one  aperture  through  which  the  pseudopodia 
extend. 

SheUs  may  be  composed  primarily  of  silica.  In  many  fresh- 
water forms  these  siliceous  elements  are  laid  down  in  the  form  of 
regular  plates  which  build  up  a  firm  shell.    Others,  as  some  fresh- 
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water  Heliozoa  and  the  marine  Radiolaria,  secrete  spicules  which 
may  be  loosely  connected,  forming  an  envelop,  or  cemented  to- 
gether, building  up  skeletons  of  most  delicate  and  beautiful  designs. 
Sometimes  spicules  are  developed  for  temporary  purposes  as  the 
formation  of  envelopes  during  encystment.  Calcium  carbonate  is 
the  chief  constituent  of  the  shells  of  marine  Foraminifera  but  is  not 
an  element  of  importance  in  the  sheik  of  fresh-water  Sarcodina. 

In  a  one-celled  animal  the  vita]  processes  of  the  body,  though  not 
different,  except  in  degree,  from  those  of  a  metazoon,  must  neces- 
sarily be  simpler.  Here  all  of  the  life-forces  have  their  origin  and 
all  of  the  metabolic  changes  take  place  within  the  confines  of  a 
single  cell. 

The  entrance  of  food  Into  the  body  in  the  Sarcodina  is  a  simple 
process.  No  mouth  being  present,  material  may,  in  general,  enter 
at  any  point  on  the  surface.  In  naked  fonns  of  the  Amoeba  type 
the  pseudopodia  flow  around  the  particle  to  be  ingested  and  in  this 
way  it  is  enclosed.  The  pseudopodia  of  shell-bearing  forms  draw 
in  the  food  through  the  apertures  of  the  shells  where  it  is  engulfed 
by  the  protoplasm. 

Most  of  the  Sarcodina  are  herbivorous,  their  chief  food  being 
unicellular  plants,  as  bacteria,  diatoms,  algae,  etc.  The  plant  cells 
are  usually  entirely  ingested  and  the  soft  parts  absorbed,  after 
which  the  indigestible  parts  are  excreted  from  the  body.  However, 
in  case  of  Vampyrella,  the  parasite  penetrates  the  cells  of  algae  and 
absorbs  their  contents. 

Some  Sarcodina  are  known  to  be  carnivorous,  feeding  upon 
closely  related  species.  Penard  believes  that  species  of  Nebeta 
may  make  use  of  the  plates  of  QuadruUlla,  Euglypha,  Trinema,  etc., 
upon  which  they  feed,  in  building  up  their  own  shells. 

Digestion  in  all  of  the  Protozoa  is  intracellular.  After  the  ma- 
teria! enters  the  body  surrounded  by  a  film  o(  water  forming  a  food 
vacuole,  digestive  fluids  and  enzymes  act  upon  it  converting  it  into 
suitable  elements  for  the  life  of  the  cell.  Excretion  in  the  Sarco- 
dina consists,  as  elsewhere,  in  the  release  of  waste  products.  Waste 
solids  may  leave  the  body  at  any  point  of  the  surface.  The 
process  is  the  reverse  of  ingestion,  often  counting  in  the  mere  flow- 
ing away  from  the  material  to  be  discarded.    ' 
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Waste  fluids  resulting  from  the  metabolism  of  the  cell  are  col- 
lected in  contractile  vacuoles  in  most  of  the  fresh-water  Sarcodina 
and  thereby  removed.  Surplus  water  which  has  been  ingested  is 
eliminated  at  the  same  time  and  possibly  caibon  dioxid  may  also 
be  extracted  by  the  contractile  vacuole.  In  those  forms,  however, 
which  do  not  possess  contractile  vacuoles,  the  waste  fluids  and  gases 
escape  from  the  general  surface  of  the  body. 
>  Respiration  in  the  Sarcodina  is  performed  by  an  interchange  of 
gases  through  the  body  wall.  Oxygen  is  received  from  the  sur- 
rounding water  and  carbon  dioxid  transmitted  to  it  by  osmoas. 
The  symbiotic  relationship  between  algae  and  some  forms  of  Sar- 
codina, without  doubt,  has  an  important  respiratory  as  well  as 
nutritive  function,  the  plants  furnishing  oxygen  and  carbohydrates 
to  the  animals,  whUe  the  latter  supply  carbon  dioxid  and  nitroge- 
nous waste  for  the  algae. 

Reproduction  in  the  Sarcodina  takes  place  either  by  the  division 
of  the  body  into  two  parts,  a  process  commonly  called  fis^on;  by 
the  separation  from  the  parent  of  one  or  more  small  masses  of 
protoplasm  known  as  buds;  or  by  the  production  of  swarm  spores. 

In  fission,  or  ample  cell  diviaon,  which  is  cormnon  among  fresh- 
water forms,  the  nucleus  divides  first  and  this  is  followed  by  the 
separation  of  the  cytoplasm  into  two  parts,  each  of  which  encloses 
a  portion  of  the  original  nucleus.  Growth  proceeds  imtil  maturity 
is  reached,  when  the  process  of  division  is  repeated. 

When  an  envelop  is  present  the  enclosed  body  may  divide  by 
fission  after  which  one  portion  creeps  out  at  the  aperture  and  con- 
structs a  new  shell  about  itself.  If  the  envelop  be  chitin  and  with- 
out distinct  elements  it  is  gradually  developed  at  the  periphery 
of  the  newly  separated  individual,  but  if  it  be  of  regular  chitinous 
or  silice;Ous  plates,  these  elements,  in  some  cases  at  least,  are  de- 
veloped in  the  cytoplasm  of  the  parent  and  pushed  out  to  form  the 
new  envelop  of  the  separating  bud. 

That  the  nucleus  is  concerned  with  cell  diviaon  has  long  been 
known.  Recent  observations,  however,  have  thrown  light  upon 
the  presence  of  extranuclear  material  scattered  throughout  the 
cytoplasm  in  many  Sarcodina  as  well  as  other  protozoa.  This 
material  has  the  form  of  minute  granules  termed  "idiochromidia" 
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and  results  from  the  transfusion  of  part  of  the  chromatin  through 
the  nuclear  membrane  or  from  the  breaking  up  of  the  nucleus  into 
small  granular  bodies  which  become  diffused  through  the  cyto- 
plasm. 

In  some  Sarcodina  a  ntunher  of  buds  may  separate  from  the 
parent,  each  enclosing  a  quantity  of  idiochromidia  which  is  built 
into  a  nucleus.  This  extranuclear  material  apparently  has  a 
functional  value  in  reproduction  and  may  be  compared  to  the 
micronudei  of  Infusoria.  During  the  quiescent  state  of  encyst- 
ment  the  bodies  of  many  Sarcodina  break  into  swarm  sfwres. 
These  are  minute  organisms  each  with  a  portion  of  the  parent 
nucleus  and  provided  with  flagella  or  pseudopodia  as  motile  organs. 
The  swarm  spores  may  fuse  with  each  other  and  develop  into  an 
adult  form  or,  in  some  cases,  they  may  develop  without  fusion. 

Conjugation,  in  the  form-of  a  temporary  tmion  or  a  permanent 
fusion  of  the  bodies  of  two  individuals  of  the  same  species,  has 
been  observed  in  some  Sarcodina.  After  temporary  union  and 
separation,  in  a  few  cases,  swarm  spores  have  been  observed  to  be 
developed  from  both  conjugants. 

In  most  of  the  instances  of  permanent  conjugation  reported 
there  is  no  clear  evidence  that  the  fusion  residted  in  a  imion  of  the 
nuclei  of  the  individuals,  as  is  the  case  in  true  conjugation.  Actual 
fusion  of  the  nuclei,  however,  has  been  observed  in  the  common 
"sun  animalcule,"  Actinopkrys  sol.  Here  two  individuals  come 
together,  fuse,  and  become  encysted.  Nuclear  changes  take  place 
which  follow  in  a  general  way  the  processes  of  maturation  and 
fertilization  after  which  mitotic  division  results  in  the  formation  of 
daughter  cells. 

Many  kinds  of  Sarcodina  are  exceedingly  abundant  and  collect- 
ing them  is  not  a  difficult  matter.  Other  forms  are  rare  and  only 
occasionally  obtained.  Everywhere  among  wet  mosses  and  in 
^hagnous  swamps  many  fine  examples  of  shell-bearing  species 
will  be  found,  some  inhabiting  no  other  localities.  Some  prefer 
dear,  fresh  water,  while  others  thrive  in  stagnant  ponds  and  ditches. 

By  carefully  collecting  submerged  decaying  vegetation  from  shal- 
low water  and  allowing  it  to  stand  in  the  laboratory  for  a  few  days 
many  of  the  ATitoeba  and  Diffiugia  types  are  usually  found. 
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The  ooze  at  the  bottom  of  ponds  or  takes  is  the  habitat  of  nu- 
merous shell-bearing  as  well  as  naked  fonns.  Others,  like  the 
Heliozoa,  are  commonly  found  among  algae,  diatoms,  or  mosses  and 
may  be  collected  with  these  plants.  Inactive  or  encysted  forms 
gathered  during  cold  seasons  of  the  year  wil  become  active  on 
being  placed  in  a  warm  laboratory.  Shallow  aquaria  are  best 
adapted  for  preserving  quantities  of  living  Sarcodina.  For  those 
spedes  which  require  it,  the  water  may  be  kept  fresh  by  algae  or 
other  aquatic  plants,  but  for  many  forms  the  water  may  be  allowed 
to  become  stagnant,  replenishing  it  only  as  evaporation  takes  place. 
The  Sarcodina  may  be  studied  with  a  considerable  degree  of  satis- 
faction, as  it  is  possible  to  keep  them  under  observation  for  an  in- 
definite time,  owing  to  their  slow  movements.  For  detailed  study 
a  good  compound  microscope  including  an  oil  immersion  tens  is 
necessary.  Concave  microscopic  shdes  on  which  living  forms  may 
be  isolated  and  retained  for  ertended  observation  are  useful. 
Methylenblue,  used  as  an  intratntam  stain,  is  successful  in  render- 
ing the  nuclear  elements  visible,  especially  in  species  without  sheUs 
or  with  transparent  envelopes. 

When  permanent  mounts  are  desired  the  following  method,  rec- 
onunended  by  Benedict  in  the  Journal  of  Apphed  Microso^y, 
Vol.  VI,  p.  2647,  '"^y  ^  employed:  "Smeat  a  glass  slide  with 
albumen  fixative,  as  in  preparing  for  the  mounting  of  paraffin  sec- 
tions. Then  place  on  the  surface  of  the  him  of  fixative  a  drop  or 
two  of  water  containing  the  forms  which  it  is  de^red  to  stain. 
Let  nearly  all  the  water  evaporate  by  exposure  to  the  air  of  the 
room  until  only  the  filffl  of  fixative  remains  moist.  The  shde  can 
now  be  immersed  in  Gilson's  or  any  other  fixing  reagent  and  then 
passed  through  the  alcohols,  stmns,  etc.,  in  the  same  way  that 
mounted  sections  are  handled." 

The  above  method  is  recommended  for  other  Protozoa  as  well  as 
for  Sarcodina.  As  a  rapid  fixing  agent,  the  fumes  of  osmic  acid 
have  been  found  satisfactory.  Sy  careful  manipulation  of  fine 
dissecting  needles  imder  the  microscope,  the  shells  of  many  forms 
may  be  isolated,  arranged  as  desired  and,  when  dried  on  the  slide, 
peimanentiy  mounted  in  balsam. 
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KEY  TO   NORTH  AMERICAN  FRESH-WATER  SARCODINA 
I  (161)    Fseudopodia  without  axial  filaments.    .   .  Class  Rhizopoda  .   .      a 
3  (144)    Pseudopodii  lobose,  sometimes  pointed  but  never  anastomosing. 

Subclass  Amoebea  .  .      3 

3  (11)    Without  shells. Order  GjmnamoeUda  ,   .      4 

4  One  family  recognized.    Characteristics  of  the  order. 

Family  Amoebidu  .    .       S 

5  (6)    Body  and  pseudopodia.  bristling  with  'minute  spiciUes. 

Dinamoeba  Lddy. 

Representative  species />ifuimoe6aMtriiM/iiLeidy  1874. 

Very  chuigeable  tn  ahape  with  many  tajieriDg  pwudo- 
podU.  Papilli»-like  projectioiu  oflcD  ■KKaiiog  at  tbe  poo- 
law  eilnmily.  Euiite  body  •ometima  suiTounded  by  ■ 
Idty-like  envefoii.  A  (ontnctjle  vacuole  and  two  nudd 
pment.  Habitat  standiag  w»tcr.  Sice  may  read  100  m. 
iDcluding  pseudopodia. 

Fro.  IT<.     DitmtOa  mkaUUt.     X  loo.    (After  Lcidy.) 

6  (s)    Body  smooth,  without  spicules 7 

7  (S)    Body  usually  enclosing  symbiotic  bacteria.    Large  size.    Nudd  many. 

Pdomyxa  GreeS. 

Representative  spedes Pdomyxa  paltutris  Greeff  1870. 

A  very  large  lorm  movinft  ilowly  by  broad  eitouloas 
of  the    ectopfasm.      Endoplum  eDclomng  und,   brilliant 
•.-L'    --■  ii>i  corpuscles  and  bacteria;  with  numerous  vacuoles  in  the  ecto- 

..^''.-^Ci^^ngx  plum.    Nuclei  may  number  1000  or  ntore.    Habitat  ooze 

^^^''.yfVa^J  ol  ponds  and  sjAaanous  swamps.     Maximum  lengtb  »oo  h. 

•S^'-^f^^^  P.  carolitietiis  Wilson,  described  in  American  Naturalist, 

^         '  Vol.  34,  p.  535,  is  apparently  witbout  Qinibkitic  bacteria. 

Fto.    97s,    POamya  tttmtlris.     X  ij.    (AllsPenud.) 

8  (7)    Body  not  endosing  symbiotic  bacteria. 9 

9  (10)    Ectoplasmic  membranes  produced  between  tbe  pseudopodia. 

Hyaiodiscus  Hertwig  and  Lesser. 

R^reaentative  spedes.  .    .    .  Hyalodiscus  rubicundus  H.  and  L.  1874. 

,  Body  discoidal,  moving  by  extending  thin  sheets  of  ecto- 

V — -Ty^  plaam  which  are  penetrated  by  ray-like  pseudopodia.     En- 

y\^^    ~7T  doplasm  reddish-yellow  in  color  enclosing  numerous  vacuoles 

"^-gj^&L_\  and  one  or  more  nuclei.    Habitat  ooie  of  ponds,  not  oommon. 

FU.  97G.     Bydoibaa  niMcaaJiu.     M  3il.    (Alter  Penaid.) 

10  (9)    Ectoplasmic  membranes  not  produced  between  the  pseudopodia. 

ilmoe^Ehienberg  .  .     11 

11(14)    Pseudopodia  sharply  distinguished  from  tbe  body 13 

13(13)     Pseudopodia  lobe-like Amceba  protau  hoAy  l^^^. 

Very  changeable  in  form,  usually  with  numerous  pseudo- 
podia. The  nucleus  is  iklways  single,  oval  and  of  laixe  liie. 
Contractile  vacuolei  one  or  more.  Habitat  both  stagnant 
and  dear  water.  Size,  one  of  the  largest  spedes  of  tbe  genus; 
may  reach  joo  |i  or  more  when  extended. 
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13(13)    Pseudopodia  ray-like Atweba  radiosa 'EhieTtheris  1^30. 

I  Body  qdmical.  with  psFudopodia  more  or  lets  rigid,  not  witbdrawo 

..^il  Mid  retonned  rapidly.     Nucleus  spherical.      Habitat,  very  ronunon 

^^jt  «mong  ajgae;  widely  distributed.    Sim,  usualiy  less  than  100  ^  with 

--•^  peeudopocUa  extended. 

'  Fig.  II S,    Amteba  radusa.   d.  conlrulile  viciwle.     X  iod.    (Aita  leidy.) 

14(11)     Pseudopodia  not  sharply  distinguished  from  the  body 15 

15(30)     Contractile  vacuole  spherical 16 

16(17)    Posterior  extremity  villous .^moefra /tmni:  Dujardin  1841. 

Sluf-like.  usually  moving  with  the  broad  end  forwaid.     Endo- 

pUsm  filled  with  brilliant  granules.    Contractile  vacuole  usually 

J^HS^fe*fi^  single.    Nucleus  changeable  in  form.    Habitat  ooze  o(  ponds. 

V^Lf:^^^>!!^^/  Size,  large  individuals  usually  leas  than  100  |i. 

Fig.  l^9.    AmeOt  liaMi.     X  115.    (Aitei  Pnuud.) 

rj  (16)     Posterior  extremity  not  villous 19 

18(19)     Surface  wrinkled,  large  size.      ,    .  ^iwjfto  wrrwcoja  Ehrenberg  1838. 
A  sluggish  >pedes.  movingby  a  alow  rolling  motion.  Pseudo- 

„,_ .  podia  short,  broad  lobes.     Body  proper  enclosed  by  a  delicate 

j^S^^^B^—  ™  membrane.    Surface  marked  by  lines  crossing  eacFi  other  re- 

fi'-.'^'&T^'^k   hiS  suiting  ioa  wtinliled  appearance.    Habitat  sphagirousiwamps. 

Large  individuals  may  reach  300  )■  in  length  when  exteikded. 
Fic.  iSo.    AmtOattTTitcssit.     X  100     lAiter  Letdy,  1 

19(18)    Surface  not  wrinkled,  small  size.    .  .    ^wioefta  gw/fw/a  Dujardin  1841. 
Body  usually  oval  in  outline,  moving  with  the  broad  end  forward. 
Pseudopodia  short,  broad  lobes  produced  by  sudden  eipanaious  oi  the 
protoplasm.     Nucleus  single  and  one  large  coDtractile  vacuole.     Habitat 
stagnant  water,    SIzejoii. 

10(15)    Contractile  vacuole  not  spherical.  .   .   .  ,^»i0e6a  ifria/a  Penatd  1890. 

Moving  rapidly  by  broad  eitemdona  of  ectoplasm  but  not  changing 
Conn  rapidly.    Usually  iiom  two  to  four  longitudinal  lines  on  the  surface- 
Two  contractile  vacuole*  olten  present,  the  anterior  ore  changeable  in 
ifaape.     Habitat  among  algae;  not  abundant.     Siie,  (ram  39  to  te  m- 
Fig.  iBi.    Amt^itriatt.     X  ijo.    (After  Fenud.) 

ji  (3)     With  shells Order  ToatmcM  .    .  aa 

22  (103)  Pseudopodia  thick,  finger-like,  rarely  filiform. 

Family  Arcellidae  .   .  33 

33  (96)    Pseudopodia  thick,  sometimes  pointed 34  . 

34  (35)     Shell  membranous,  more  or  less  fleuble 35 

35  (3a)     Membrane  covered  with  organic  or  foreign  particles 36 

36(39)    Shell  membrane  double DiplochlamysGneS.   .  37   . 

37  (a8)    Hemispherical  to  cup-shaped,  loosely  coated  with  organic  and  siliceous 

particles Diplocklamys  fragilis  Venaid  igog. 


Reported  from  Ontaiio  b; 
.    (AUerPi 
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8  (37)    Hemispherical  lo  cup-shaped,  densely  coated  with  organic  particles. 
Diplochlamys  timida  Fenard  1909. 
YeUowish-KCsy  or  biovn.     Innfr  membrane  very  ddintc.  Bodble 
but    RsUlant.      Nucleus  lingle.      Vacuoles  oumerous.      PseudopodU 
larire  al  the  base,  pointed,  rarely  extended.     Diameter  45  i>-     Habitat 
■UMMS.     Reported  from  Ontario  by  Dr.  Pcnard. 

Fic.  1S4.    DiplacUamyi  timida      X  i;s.    (After  Fonanl ) 

29  (26)    Shell  membrane  single. 30 

30  (31)  Hemispherical;  slightly  or  not  at  all  Sezible.    .    .    Parmulina  Penard. 

Representative  species Parmulina  cyalhus  Penard  190a. 

^,f^^  In  this  species  tbe  shell  is  rigid  but  Id  P.  oittcta  Gniber  it  is  Seiible 

^JlJ^I  about  the  aperture.    Shell  i»  coated  with  fine  paitictesof  sand,  dirt,  etc 

gdfBBy^^  Pseudopodia  are  broad,  rounded  lobes  extending  from  the  aperture. 

V5*- '•  ^P  Nucleus  and  contractile  vacuole  each  single.     Habitat  among  mossea. 

*^\k^r  Diameter  45  (i 

FiQ,  >8s.    i>triiiiiJiM  cyalkia.     x  >is.     (Alter  Pnuid.) 

31  (30)     Commonly  ovoid  or  hemispherical,  but  very  changeable. 

Corycia  Dujardin. 

Representative  species Corycia  flam  Greeff  1866. 

^_^  The  memhranouB  covering  is  dome-shaped  but  very  changeable  b 

/^^TflBWi^  [arm.     Pseudopodia  very  ^ort  and  thick.     Vacuoles  numeroui. 

\Q^fy-9M  Nucleussingle.  usually  concealed  by  tbe  granules  of  the  endoplaam. 

^«"— ^  Fio.  jM.    Ciryciajlata.     X  )io.    (ARer  Fauid.) 

31(35]    Membrane  without  foTcign  particles;  regularly  ptmctate.    ■   .   ■    33 

33  {34)    Patclliform;  sUghtly  flexible MicrocUamys  Cockerell. 

Representative  species. 

iiierochlamys  pateUa  ClapaiMe  and  Lachmann  1S60. 

—  Shell  drcuUr  Item  dorsal  or  ventral  view;  convex  above  with  * 

■■'HimTi  very  large  aperture  beneath,      Pseudopodium  single.      Contractile 

ZZ^^^  vacuoles  numerous.     Nucleus  single.     Habitat  among  mosses  in 

(^^  swamps.    Diameter  40 «. 

Fic.  iSt.    UiaocUamis  faUUa.     x  Jio.    <Aitu  Fenanl.) 

34  (33)    Commonly  dome-shaped,  but  exceedingly  flexible  and  changeable. 

Cochliopodium  Hertwig  and  Lesser. 
Representative  species.  .    Cochliopodium  biiimbosum  Auerbach  1856. 

Jfi^B\  The  membranous  covering  is  capable  of  great  eipan^on.  especially  at 

^SoT&i  ^  aporture.   Pseudopodia  pointed,  usually  numerous.    Nucleus  and 

Gi^l^B  contractile  vacuole  each  single  and  large.     Coimnoii  among  algae. 

IS^^ff  Diameter  of  envelop  35  to  50  ». 

'^7  IM  I^i^-  >^'     CacUiopodium  iilinihnn.    ■,  nudeos.     X  300.     (After  Leidy.) 

35(34)    Shell  membranous,  rigid. 36 

36  (45)    Shell  discoidal 37 

37  (44)    Shell  with  regular  markings  more  or  less  distinct.    No  fordgn  par- 

ticles attached.    Aperture  central 38 

38  (43)    Shell  with  regular,  tlistinct  pimctae.    Aperture  small. 

Arcdla  Ehrenberg  .  .    39 

39  (43)    Periphery  of  shell  without  projecting  p^nnts 40 
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^^^ 


40(41}    Shell  stron^y  convex vlrctUo  VH/gnru  Ehrenberg  1830. 

Shell  may  be  imooth  or  witb  irgular  undu- 
UtkMU,  Protoplaim  united  to  the  ioside  of  the 
■hell  by  delioile  threadl.  Pgeudopodia  long, 
alraight  ■nil  very  iniupueal.  Contnctile 
vicuolra  Dumeroiu.  Nuclei  too.  oppoaite  in 
positioo.  Thia  spedei  shows  great  vuiation  in 
tize  and  lonn.  Veiy  common  in  pond  mtet. 
DUmeter  So  to  140 11. 
Flo,  189.   Andlntalttarii.   LueraUudinieriotvieiii 

of  tM  tUK  iodividiul,     X  ijo.    (Aita  Leidy.) 

41(40)    Shell  very  flat Arcella  discmdts  ^hieabctg  ifi^S- 

Shell  smooth,  regulariy  punctate,  with  ■  large  drcular  apnture.  It 
b  a  shy  species,  the  pieudopodia  seldom  being  observed.  Contractile 
vacuoles  numerous.  Nuclei  tiro.  Comnion  in  pond  watei.  DUmeter 
from  73  to  164  Ik 

Fio.  390.    AraBa  iiiaUti,     X  ITJ.    (Afler  Peaud.) 

43  C39)    Shell  periphery  with  projecting  points. 

Arceila  dmlaia  Ehrenberg  1830. 

When  viewed  Uterslly  the  shell  has  the  appearance  of  a  crown, 

,   ^^    ,  ,'    the  teelh-like  points  bdog-praduccd  from  the  base  ol  the  low 

(   Q-.)(     dome.     Nuclei  two;  ccmtraclile  vacuoles  numerous.    Habitat 

^  ''"^    bogs  and  iwampa.     A  tare  species.     Diameter  131  to  1S4  fi. 

.  jgi.    ArLtlia  dentala.    Ljitenl  imd  infenor  views  of  the  same  iodi- 
viduaL     x  loo.     (Aftei  Lekly.) 

43  (38)    Shell  with  punctae  sometimes  indistinct.    Aperture  very  wide. 

Pyxidiada  Ehrenberg. 

Representative  species Pyxidicula  cymbaliim  Penard  1902. 

Shell  patelliform,  brawn  in  coIot,  with  distinct  punctae.  Aper- 
ture round,  nearly  as  wide  as  the  diameter  of  the  shell,  bordered 
by  a  narrow  rim.  Contractile  vacuole  ^ngle.  Nudej  probably 
two.  Pseudopodia  not  observed  in  this  spedes.  Identified  by 
Penatd  in  material  from  Summit  Lake,  Colorado.  The  only  spe- 
des of  the  genus  thus  Car  repotted  Irom  North  America.  Diameter 
SstOOO)..     Habitat  mosses. 

44  (37)    Shell  without  regular  markings,  but  with  foreign  particles  attached. 

Aperture  eccentric CentroPyxis  Stein. 

Representative  species Cenlropyxis  acuUata  Stein  1857. 

Shell  compressed  laterally,  rrsulling  in  both  mouth  and  [undus 
bdng  eccentric  Color  some  shade  of  brown.  Slender 
usually  developed  from  the  fundus.  Nucleus  single: 
vacuoles  two  or  more.  The  spedes  is  very  shy,  someumes  «- 
tending  a  single  large  pseudopodium.  A  common  spedes  among 
algae-    Diameter  88  to  2ta  fi. 


ontractile 


Pio.  193,    CeiririipyBS  1 


( ijD.     (After  Leidy.) 


45  (36)    Shell  not  discoidal 46 

46  (51)    Shell  spiral,  compressed,  largely  composed  of  minute,  curved,  rod- 

like plates Lecquereusia  Schlumberger  ,    ,     47 

47  (48)     Shdl  primarily  of  sand  grains,  few  plates. 
Lecquereiisia  modesla  Rhimibler  1845. 

This  qiedes  has  a  short,  broad  neck,  iljghtly  turned  to  one  ride. 
Nucleus  single.  Pseudopodia  few,  large  and  long.  Found  among 
mnsyi  in  swunps.    Length  from  las  to  ijofi. 


Fig.  194-    LKtmmiuia 


.    [Altv  Penard.) 
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48  (47)     Shell  of  rod-like  plates 49 

49  (50)     Plates  slender,  elongate.      .    .    Lecquereusia  spiralis  Ehrenberg  1840. 
The  Deck  in  this  species  is  promiDeDt  and  turned  sharply  to 

one  mde.  The  siliceous  plales  u«  .cemented  very  dosely  to- 
gether, forming  the  shelL  Send  and  diatoms  may  sometimes 
be  incorporated  with  the  plates.  Pseudopodia  few,  long  and 
large.    Habitat  sfdugoous  swampo.    Leogtn  115  to  140 1>- 

Fro.  19!.    lofiKrniiia  ifJnlii.     X  iis.     CAIler  Fenard-I 

50  (40)     Plates  thick,  short '  Lecquereusia  episUmium  Penard  1893. 

In  this  specie*  the  neck  is  very  sharply  distinguished  from  the 
rounded  shell  and  very  abruptly  turned .  to  one  side.  The  sheU  to 
dear,  without  foreign  partides  sttacbed.  Habitat  spbagnous  snampa. 
Length  135  m- 

Fio,  196.    £4CfiHrHuu  efuJaflRiHi.     X  150.    {After  PenuiL) 

51  (46)    Shell  not  spiral Sa 

52  (S7)    ^^  chitinons,  transparent,  structureless,  with  nc>  foreign  particles  or 

formed  elements  attached.  .    .    Bydosphenia  Stein  .    .     53 

53  (54)     Surface  of  shell  with  undulations.    .   Hyaiosphtnia  deganslAA&y  li^A■ 
The  shell  is  flask-ihaped,  compressed,  brownish  in  color, 

transparent.    Two  minute  pores,  opposite  each  other,  are  in 

/  &^5sL~  I  I  the  base  of  the  neck.      Protoi:JBam  coloilcas.      Nucleus  single. 

r^.?^!!.  I       I  Pseudopodia  few.     CommoD  in  qdiagnous  swamps.     Length 

Fio.  H);.    BytittplKwia  lUtam.     X  150.     (After  Peoud.) 

54  (S3)    Surface  of  shell  without  undulations 55 

55  (56)    With  pores  through  the  fundus.  .    Hyalosphmia  papUto  Lddy  1875, 

Shell  ovoid  or  pyriform,  compressed,  yelkwish  in  color.  Slight 
variation  in  size,  shape  and  constitution  shown  in  this  spedes.  Pro- 
toplasm not  Glliog  the  shell  but  attached  to  the  inner  surface  by  pro- 

rY~c'ai/i  toplasmic    processes,     Eadoplasm    always    containing    chlonpnyl. 

)a?^ x.^,1  j  Pseudopodia  often  numerous.     From  two  to  six  small  patta  shout 

the  border  of  the  fundus.    Common  in  E[Jiagnou3  swamps.    Length 

Fio.  198.    Bytttspkmia  fafiJw.     X  »o.    (Alter  Leidy.) 

56(55)    Without  pores  through  the  fundus.  .  Hyahspkeniacui>eaia5Uan  1&57. 

SheO  eiceedingly  transparent  and  greatly  compressed. 
Pseudopodia  few  in  number,  often  but  one.  Habitat 
is  reported  to  be  dear  water.  A  rare  spedes.  Length 
Irom  60  to  75  (>. 

Fio.  )9».    Hyalastiaila  aauaU,    Bnad  and  dbitifw  latoil 
viem.    It,  Dlldeui.     x  loo.    (AEtaLddy.) 


57  (53)    Shell  cbitinous,  more  or  less  densely  covered  with  foreign  partides 
or  formed  elements. 58 


sS  (75)    Shell  primarily  of  foreign  partides. 
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59(73)     Shell  without  internal  partition  OT  diaphragm. 

Difflugia  Lederc  .    .    60 

60(61)    Aperture  not  central DiffiugiaconstrictaEbteahtTg  iS^i. 

Shells  o[  various  forms  from  Dearly  spheriral  to  ov»l  and  elon- 

gue.     Aperlure  alHays  eccentric.     Pseudopodium  single,  isrely 

observed.    Spines  sometimes  developed  from  tbe  fundus.     This 

^xijn  13  doaeiy  related  to  Centropyxis  acuieaXa.      A  oommoo 

.  ^         spedes.  widely  distributed.    Large  forms  may  reach  100  m  in 

Fio.joo.    Dimutia  nonttricla-     \rT\^y\,     Most  iadividaalA  arc  very  much  souLiler. 

61  (60)     Aperture  central 61 

6a  (69)    Shell  typicaJly  spherical 63 

63  (66)    Maigb  of  ^>erture  smooth 64 

64  (65)    Neck  deeply  constricted;   aperture  small,  with  margin  always  re- 

curved  Diffiugia  urceolaia  Carter  1864. 

This  spedes  is  without  spines,  but  a  variety,  D,  urctflala  var. 
ello,  may  poiwas  a  few  short  stubby  spina  ifeveloped  from  the 
fundus.  The  piatoplasm  does  not  fill  the  shell.  Pseudopodia 
numerom;  nuclei  many.  Found  in  tbe  ooze  ol  pond  water.  Large 
lonns  reach  a  length  ol  3  jo  11. 

Fic,  jot,    DiffMiia  urcudila.    X  75.    {After  Lilily.) 


65  (64)    Neck,  when  present,  not  deeply  txinstricted;  aperture  wide,  with 
margin  seldom  recurved.  .   .   .    Diffluiia  lebes  Penard  1S93. 

In  many  respects  this  spedes  resembles  the  preceding  one. 
Tbe  thia,  recurved  collar  is  sometimes  present  but  the  aperture 
i*  much  larger.  The  shell  is  very  fragile.  Nucleisometimesmore 
than  loa  Found  in  ooie  at  tbe  bottom  of  poods,  lakes,  etc 
Very  large,  some  teaching  400  h  in  length. 


Pig.  3 


[nffutia  ttt"- 


:  60.    (After  Pi 


66  (63)    Margin  of  aperture  not  smooth. 

67  (68)    Margin  with  numerous  teeth.     . 


67 

.    Diffiugia  corona  Wallich  1864. 

sand  grains  but  very  smooth  and  regular 


Shell  composed  ol  li 
in  outline.  Teeth  usuaiiy  more  man  twelve  m  numiwr,  very  eveniy 
arranged.  Nucleus  single.  Pseudopodia  numerous  and  large. 
From  six  to  nine  spines  usually  developed  from  the  fundus.  A  very 
common  spedes  in  ooze  ol  ponds.    Length,  mth  spines,  100  to  ijOiu 


Fic.  30}.    Diffitv'  a 


68  (67)     Margin  with  few  blunt  lobes. 


DifflugM  lobostoma  Leidy  1874. 
shell  ovoid  or  nearly  spherical,  usually  with  a  quadrilobate  aper- 
ture.    However,  tbe  lobes  are  somewhat  ineftular,  a  trilobate  apenum 
I  appearing.     Pseudopodia  few.     Found  among  algae  and  in 
Average  length  ijo  )•. 

Fio.  }<u.    Diftifla  Ittntrma.    Onl  vkw.     X  loj.    (After  EdoMndaao.) 

69  (63)    Shell  never  spherical 70 
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70  (71)    P3rriform,  with  posterior  border  usually  rounded. 
Diffiugia  pyrijormis  Pcrty  1851. 

This  vuy  rommon  qwdes  a  exceedingly  variable  in  lorm  and 
---  -     Peniid  recsgniEcs  six  varieties,  var.  ciaWormis  aometlmei 

Jtg  a  leosth  o(  «so».    The  posterior  bolder  ia  uuully 

Toundud  but  some  forms  may  approach  the  acuminate  type. 
Fio,  joj.    Difmiia  fyri/Brmls.     Found  everywhere  in  the  oo«  of  ponds  and  lake*. 

71  (70)     Elongate,  cylindrical,  with  posterior  border  acuminate. 

Dijlusia  acumiruUa  Ehrenberg  1830. 

^^^^TOw  Shell  cylindrical,  the  slightly  broader  posterior  extremity  taper- 

^^^^^^^^^S  ^  '°  '^  acute  point  ending  in  a  kaob-luiE  procew.     Very  widely 

^^^^^^^^  distributed withotherspedesol  thegenus.   Large formi may  teadi 

^^^^^  a  length  of  175  m. 

Fio.  )o«.    Difiiitia  taimiiula.     X 115.     [Atla  Lady.) 

73  (59)     Shell  with  internal  partition  or  diaphragm 73 

73  (74)    Shell  with  deeply  constricted  neck  and  transverse,  perforated  parti- 

tion at  the  point  of  constriction.   .     PotUigtdasia  Rhumbler. 
Repiesentative  q>ecies.     .    .    .  PmUigulasia  spectabilis  Vtsa.\A  iqpi. 

Resembling  DiMugia  pyrifnmii  in  appearance,  except  for  the 
deeply  constricted  neck.  The  inletnal  partitioD  hai  one  round 
opening  and  one  or  two  other  apertures,  the  latter  being  dosed  by 
transparent  opercula.  Pseudopodia  few,  long,  and  move  rapidly. 
Found  with  ^ledes  of  Difflugw.  Average  length  150  h. 
Fig.  JOT.    FtiUipilaiia  sptcUbUii.     x  too.    (AlterPenud.) 

74  (73)    Shell  with  a  short  neck;   aperture  partially  closed  by  a  transverse 

diaphragm Cucurbitdla  Penard. 

Representative  species.    .    .    CucurbiteUa  mespUiformis  Penard  190J, 

The  neck  is  quadril<^te  with  an  undulating  margin.  On  the  inside 
of  the  neck  is  a  transveiae  peristome  covered  with  sand  grains,  resulting 
in  the  rounded  aperture  being  much  smaUer  than  the  diameter  of  the 
neck  itself.  Pseudopodia  numerous,  straight  Found  at  the  bottom  of 
ponds  and  lakes.    Length  from  iij  to  140 11. 

Fio.  joS.    C<tairbiuaa  mapaiftnmi.     X  05.    (After  Penaid.) 

75  (58}     Shell  primarily  of  formed  elements. 76 

76  (81)    SbeU  ix>t  compressed,  of  small  siliceous  particles,  aperture  lunate 

with  inferior  and  superior  Ups 77 

77  (78)     Shell  hemispherical  or  elliptical,  superior  Up  with  pores.    Large  size. 

BuUinula  Penard. 
Representative  spedes BuUinula  itidka  Penard  1907. 

Shell  brownish,  of  small  siliceous  plates,  closely  cemented  to- 
gether.     Superior   lip  slightly  overlapping    the   inferior   lip. 
,^c-'i>>jE.vu  Nuclei  numerous.    Diameter  iqo  to  100  )i.    Habitat  mosses. 

-        og.    BuOimila  iHdia.     X  no.     (After  Penard.) 

78  (77)     Shell  hemispherical,  superior  lip  without  pores.     Small  size. 

PUtpopyxis  Penard  .   .     79 
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79  (80)    Inferior  lip  rounded,  dipping  far  into  the  interior  of  the  shell. 

Plagiopyxis  caUtda  Penard  1910. 

Shell  Cray,  yellow,  or  brown  in  color,  usually  smooth  lad  dear.  The 
Ups  ovcnap  to  such  an  extent  Chat  the  aperture  ia  dilEculI  to  obaerve. 
Pseudopodia  large  at  the  base  with  furcate  extremities.  Nucleus  ajncle. 
Diameter  gi  to  103  fi.    Habitat  mosses. 

Fia.  jio.    Plathfytis  uUiia.     x  150.     (Alter  Waflet  and  Penatil.) 

o  (79)    Inferior  lip  triangular,  slightly  dipping  into  the  interior  of  the  shell. 
Plagiopyxis  labiaia  Penard  1911. 

Brown  in  mloT.    Smaller  than  the  pteccding  ipedes.    Nucleus  sTn- 
■gle.    Pieudopodia  not  observed  by  Dr.  Penaid,  who  reports  the  apeciea 
«  _        ;    «  (tum  Auilraha  and  Vancouver,  B.  C.     Diameter  80  to  88  » 

Ni^^^^^J'  Fic.  311.    Platiafyxii  laUala.     X  ij).    (After  Penard.) 

1(76)    Shell  more  or  less  compressed;  aperture  not  lunate Sa 

3  (83)     Plates  quadrangular Quadndella  Cockerell. 

Representative  species.  .  Quadrukiia  symmttrica  F.  E.  Schultze  1S75. 
Id  this  spedes  the  shell  is  narmally  pyiiform.  one  variety 
°  bemg  short  and  another  long.      The  fdatea  are  very  transparent, 

usually  regularly  arranged  in  transverse  and  longitudinal  series. 
Pieudopodia  lev.      Common  in  sphaguous  swamps.      Length 
liom  So  to  140  w. 
Fio,  311.    Qaodrulella  lymmilHa.    n,  condactOe  vicui^     X  ITJ. 
(After  Leidy.) 

83  (8a)    Plates  not  quadrangular 84 

84  (91)    Shell  pyriform,  sometimes  ovoid  or  rounded,  compressed  with  round, 

oval,  or  irregular  plates Nebdahtidy  .    .    85 

8s  (88)    Shell  pyriform 86 

86  (87)    Neck  long,  narrow;  plates  round.  .  Nebela  lageniformis  Penard  1890. 

Body  of  shell  oval,  prolonged  as  a  tubular  neck.     There  are  no 

lateral  pores  through  the  shell  as  in  some  spedes.     Tbe  plates  are 

round   and  very  dear.       Pseudopodia  few.       Pound    commonly 

among  mosses:  very  abundant  in  some  localities.     Length  115  «. 

Fic.  313.    Hibtla  latmi/Brmii,     X  175.     (Alter  Penard.) 

7  (86)    Neck  short;  plates  round  or  oval.    .    .    .  Nebela  coliarU  Leidy  1879. 

In  this  spedes,  large,  round,  and  oval  plates  are  usually  Inter- 
mingled.   Sometimes  foreign  elements  enter  into  the  composition 

ot  the  shell.  It  is  a  very  common  spedes.  lound  abundantly  in 
sphagnous  swamps  and  presents  many  variations  in  size  and  lomi. 
Large  individuals  average  about  130  «k 

Fio.  314-    NtlidaaUarii.     Xxyi.    (After  Lddy.) 

88  (8s)    Shell  not  pyriform 89 

89  (90)    Shell  rounded,  border  of  aperture  smooth. 

Nebdafiabdlum  Leidy  1874. 

The  transverse  diameter  ustlally  equals  or  exceeds  the  length,  but 
apparently  transitional  lonns  between  this  speoes  and  the  preceding 
one  are  sometimes  observed.  Possibly  this  is  but  a  variety  of  Nebela 
caUarit.  The  plates  are  similar  in  the  two  species.  Habitat  sphagnout 
fwunpA.    Length  so  10  100  h. 

Fu.315.    l/eUa JhUlim.    X  ijo.    (Afta Leidy.) 
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go  (89)    Shell  ovoid;  border  of  aperture  crenulate. 

Nebela  dtntisloma  Penaid  189a 


Fio.  316.    JTiWa  i—liiima.     X  t6a.     (After  Ptnud) 

gi  (84)    Shell  ovoid,  compressed  with  round,  oval,  or  irregular  plates.  .  .    9a 

93  (93)    Aperture  oval,  terminating  a  short  tube  formed  by  the  thickened 
oral  membrane.    Plates  inegular. 

Awerintewia  Schouteden. 
Representative  spedes.  .  Awerimetoia  cycloslomala  Schouteden  1903. 

Shell  >  cbitinoiu  envelop  covered  by  nliceoiu  plates,  unie  luge,  acatter* 

ing,  otben  niull,  filliiu  in  between  the  Iubc  ones.      Sand  sniiu  often  at- 

tadied  to  the  poMaior  border.     Color  usually  violet.     Nudeua  aioglB. 

ClMelyalliedtothegeausifffeii^a.    Len^tli  135101780.    HalHUtiiioMe& 

Fio.  3 1].    A mBiianria cjileilfKHl;     X  im    (Afto' Poiud.) 

93  (9a)    Aperture  ellif>tical  or  linear,  not  terminating  a  tube. 

Htkopera  Lddy  .   .    94 

94  (95)    Chloropbyl  always  present BeltQpera  ^ctt  Leidy  1874. 

The  ahell  ii  very  regular  in  outline,  of  a  yellowish  tint, 
usually  with  little  foreign  material  attached.  The  presence 
of  cUDTOphyl  aeCDU  to  be  aecoBaiy  to  the  life  of  the  inirnnl. 
I^udopodia  numerous.  Found  in  aphagnous  swan^M, 
Leoetbiootoito)^ 

Fio.  118.    HilttHnHa:    xiso-    (AttaLddiP.) 

95(94}    Wine-red  in  color ffefeo^a  roiea  Penard  1890. 

Thin  spedes  may  be  known  by  its  color,  the  tint  being  of  variable 
depths.  Saod  grains  and  other  fondgn  elements  cover  the  fundus  of 
the  ahell.  A  Ihln.  yetlowish  lip  borders  the  aperture.  Found  among 
mosses  in  swamiie.    Length  90  to  100  «• 

Fio,  311).    BttiettnTMta.     X  t^    (After  Penard.) 

96  (33)    Pseudopodia  sometimes  thick,  sometimes  linear. 97 

97  (too)    Shell  chitinous,  densely  covered  with  sand  grains,  diatom  shells,  and 

other  foreign  elements.    .   .  .  Phtyganella  Penard  .   .    98 

98  (99)    Large  size;  foreign  elements  large,  rough. 

Pmygan^a  nidvlus  Penard  igoa. 


The  shell  i«  bembf^Krical  and  usually  of  rou^  cootour. 
Aperture  large.  Pseudopodia  slender  but  often  aconnpaiiled 
by  broad  lobes  of  i«otopbsm.  Found  in  the  oote  of  puidi 
tod  lakes.    Large  forms  are  300  h  in  diameter. 

FU.  iio.   PkotmiBa  nHuhu.    X  90.    (After  PtMri.) 
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99  (gS)     Small  size;  foreign  elements  small. 

Phryganella  hemisphaerica  Penard  1890. 
Sbdl  benuBFdierical,  composed  ot  snsll  dutotn  shells 
and  und  gniiu.     Pmidopodia  usually  slender,  some- 
times thicli.      FoUDd  b  the  ooze  of  ponds  and  Uket. 
Diametei  40  to  5 s  11. 

Fta.ili,  FiryiamtUt  ktmiifliama.    X  ijo.   (Afta  hurd.) 


loi  (101)     Shell  occasionally  with  foreign  elements  attached.    Apature  ter- 
minal  Crypiodifflugia  Penard. 

Representative  species.  .    .    Crypiodiffiugia  mtformis  Penard  1890. 


This  q>edes  has  a  traaspaieat.  yellowish  or  biownish  shell  wfthout  foretgn 
dements  attacbed.  Ovoid  in  forni.  The  (nnloplaam  does  not  Gil  the  shell  and 
pseudopodia  are  seldom  extended.    Found  in  marshes.    Length  i6^tQ  30  ft. 

Fic.Jii.    Crypltiijhitia  n^ormis.     X  4SO.     (After  Penntd.) 


§In  1875  Schultze  described  a  form  under  the  name  Pfoiflimi  pamm. 
Ovoid  with  smooth  envelop  without  structure,  slightly  elastic,  aper- 
ture tenninal  or  subterminai.  Penard,  more  recently,  observed 
numerous  empty  shells  and  inactive  oiganisms  which  he  provison- 
ally  refers  to  this  genus.  Some  had  undulating  envelopes  with 
apertures  terminal  or  directed  obliquely.  Nucleus  and  contractile 
_  „,  ,  vacuole  each  single.    Pseudopodia  not  observed,    Leogtb  16  10  3i|i- 

^AV'  IM^^ST\  ^  preserved  material  from  Alaska,  G.  H.  Wailes  found  forms 

A  71J-     i«iKrrni«in.j        ^^i^i,  be  considets  within  this  genus,  probably  P.  pamm.      Thu» 
far  this  is  tbe  only  record  of  the  genus  in  North  America. 

103  (31}     Pseudopodia  delicate,  filiform,  usually  branched,  and  pointed. 

Family  Euglyfhidae  .   .     104 

104  (107)     Shell  flexible,  transparent Pamphagus  Bailey  .    .     105 

105  (106)     Shell  spherical Pamphagus  hyalintu  Ehrenbetg  1838. 

The  aperture  of  the  sheU  Js  very  large  and  capable  of  great 

dilatton.  Protoplasm  fs  dear,  coloriess.  Nucleus  spherical; 
contractile  vacuole  single.  Pseudopodia  numerous,  straight,  and 
pointed.    Found  in  dear  water.    Diameter  of  shell  jo  to  ^  h. 

Fio.    i*i.     Pomplnti"    kw'nw.     a,   contnclile  ncuole.      x  ite. 
(After  Leidy.) 

106  (105)     Shell  ovoid  or  elongate.     .    .    .  Pamphagus  mvtabilis  Bailey  1853. 


Fio.jis.    PtrntkatiHWHiUbiUt.     X 165.    (After Peoafd.} 

107  (104)    Shell  rigid io8 

108(113)    Shell  retort-shaped 109 
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339 


0(109) 
I  (ii») 


foreign  particles. 
Campascus  Leidy. 

:  spedes. Campascus  comuius  Leidy  1877. 

ThJs  spedes  hu  lateral  processes  developed  from  the  fundus. 
In  conunoQ  with  other  spedes  of  the  genua,  a  delicate,  traospal^ 
eat  collar  auiraunds  the  aperture.  exlcDding  perpendiculai  to  iL 
In  common  with  the  genus  Cyphoderia,  the  bodies  of  all  spedes 
of  this  genus  enclose  minute  yellow  or  brown  granules  very  re- 
sistant to  leagents.  Apparently  a  very  rare  spedes.  Lddy  re- 
ports it  from  but  one  localitv,  China  Lake,  Wyoming,  at  an 
altitude  of  10,000  feet.  Lenctb  113  to  140 11. 
Tm.  J16.     Campaiau   earmitua.     a,   amtnctHe  vaciwie.      X   IJO. 

regular,  not  covered  by  foreign  particles. 

Cyphoderia  Sdilumberger  .   .     1 1 1 


3(108) 
4  (lis) 


Fundus  rounded  or  mamillate. 

Cyphoderia  ampulla  Ehrenberg  184a 
Plates  round  01  oval,  cemented  together  in  diaaonal  rows, 
presentipg  a  hexagonal  appearance.  The  plates  do  not  over- 
lap. Minute  pertotations  exist  between  the  plates,  ajqwarios 
as  fine  punctae.  Pseudopodia  lev  but  very  long.  Found 
among  mosses,  ooze  of  ponds  and  lakes.  L^igth  61  to  igs  n. 
Several  varieties  of  Oai  spedes  are  known. 
Fic  31T.  Cypludtria  owtiiUa.  a.  contnctie  vaanle.  X  itO. 
{After  Leidy.) 

Fundus  tapering.  .  Cyphoderia  ampulla  var.papillataVf^eiigii. 
This  variety  resembles  tlie  ty^  spedes  eicept  in  the  shape  of  tlie 
fundus.     The  plates  are  sometimes  set  very  close  to«ther  in  this 
variety  but  do  not  overlap.    Found  in  ooie  of  lakes.    Length  113  to 

Fio.jiS,  CytMitia  amfdla  tu.  Papilltu.  xijo.  (From a prcfarad mDont.) 
Shdl  Straight J14, 

Shell  without  distinct  plates,  chitinous,  covered  with  sand,  dirt, 

etc Pseudodifflugia  Schlumberger. 

Representative  species. 

Pseudodifflugia  gracilis  Schlumberger  1845. 

elongate,  usually  yellonish  or  brownish.      Pseudo- 
,  very  long  and  delicate.      Found  in  the  ooie  of 
Length  10  to  6s  ». 

\aHShitbnratUii.    ii.nadevs.     X  sja    (Aflei  Lddy.) 


115(114)    Shell  with  distinct  plates iii 

116  (119)    Shell  not  compressed,  with  a  short  fattened  neck.    Plates  round  o 

oval 5pAenfx/erHi  Schlumberger  .   .     ii' 


117  (ti8)     Margin  of  neck  dentate. 


Sphenoderia  dentata  Penard  1890. 


This  spedes  may  be  known  by  the  eloagate.oval  form  of  the  shell  and 
the  presence  of  the  teeth.  The  plates  overlap,  giving  the  amwarance  of  a 
hexagonal  design.    Found  among  sphagnum.    Lnigth  is  to  so  h. 

FiO.  3SO.    Sfkauifit  daiala.     X  jio.    (Alter  Feoaid.) 
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ii8  (117)  Margin  of  nedc  not  dentate.  SphenoderiahnlaScblambeTgei  1845. 
Shell  ovoid  or  roUDded  with  Ibikc  round  imbiicating  pUto.  The  aper- 
ture comiits  of  a  oanow,  elongUed  opeainf.  enending  belweea  Iwo  Utenl 
Klnts  oppodte  each  other.  PseudopodU  are  mimeroiu  and  very  long. 
ibitat  spfaacniun.  I^encth  from  js  to  50  ,1.  Leidy  describa  a  ipeda 
uikder  the  name  S.  maereufis,  difierinc  from  other  spedea  by  the  "■£■■'" 
plates  compoaDg  the  abell.  Habitat  spha^iun.  Length  14  to  39  ■. 
Fio.jji.    Sflmaitria  Inla.    n,  coDtnclUe  vaoHle,     X300.    (AltsLeidy.) 

119(116)    Shell  compressed,  without  a  neck i30 

130  (137)     Aperture  terminal 131 

III  (136)    Margin  of  aperture  dentate laa 

123(115)     Plates  elongate-elliptical;  margin  of  aperture  finely  dentate. 

Assvlitia  Ehrenberg   .   .     113 

133  (114)    Large  size,  rounded.      .    .    ,  Assulina  seminulum  Ehrenberg  1848. 

Adult  forms  of  this  spedes  are  chocolate  brown  In  color.  Con- 
tractile vacuole  sinf^le.  Nucleus  very  laige,  ellJpticaL  Pieudopodia 
addom  obterved.      Common  in  spbagnous  swamps.      Length  6d  to 

(After  1^.) 


114(123)     Small  size,  oval .4i«Jino  miwof  Penard  1890. 

Jbk  This  ^ledes  is  alio  bfown  in  rolot  but  clearer  than  the  preceding  one  and 

'^a  the  aperture  Is  more  regularly  crenuJate.     The  hcXBgooal  design  (onoed  1^  the 

iQ}]  Imbricating  pistes  ii  very  eymmetrical.    Found  among  moues.    Length  35  m. 

''ir  Fio.  siS-    Aiiuliia  miiur.     x  30a.    (AlUr  Fnuid.) 

135  (132)     Plates  round  or  oval;  mar^n  of  aperture  with  prominent  dentides. 
Spines  often  developed.      .    .    .  £«g/>'^Aa  Dujardin  .    .     126 

116(133)    Aperture  circular, 137 

127(130)     Spines  at  apex  only 138 

138  (119)     Spines,  one  or  two.   ......    Euglypha  mucrtmala  Leidy  1878. 

The  shell  not  compressed;  platei  imbricating,  arranged  in 
longitudinal,  alternating  rows.  The  fundus  tapers  to  a  point 
which  is  provided  with  one  or  two  spines.  Found  In  sphagnous 
swamps.     Reported  from  North  Ameiics  only.     Length  loS  to 

Fio.  334.    Eatlttl»  MMnnwM,     X  i6s.     (After  Ledy.) 

139(138)    Spines  in  a  tuft Euglypka  critlala  Leidy  i&y^ 

Shell  elongated,  very  little  compressed  if  any,  with  plates  arranged 
'a  preceding  species.      Fseudopodia  rarely  extended.     Habitat  - 

,  swampa.     Length  33  to  84  ». 

Fm.  335-    Eufiyplu  erisMa.     X  41S.    (Afta  Leidy.) 

130(137)    Spines  not  at  apex  only 131 
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131  (133)    Spines  lateral Euglypha  brackiala  Leidy  1878. 

~  This  ipedes  may  be  known  by  tbe  straight  ihelJ,  clongkte 

and  cylindrii^.  Plates  oval,  imbiicatiiu  in  ■  regular  manner. 
From  four  to  six  large,  long  spines  are  developed.  re[se9enting 
prokngitions  of  some  of  the  lateral  plates.  Habitat  among 
sphagnum.    Length  104  to  118  n. 

Fio.  3s6.    Euilytka  braMala.     X  iBo.    (After  Laldy  ) 

13J  (131)    Spines  usually  absent,  scattered  when  present. 

Euglypha  alveolata  Dujardln  1841. 
^^„__^^^  Shell  ovoid,  elongated,  verjF  ^htiy  compressed  if  any.      Plates 

t^fSS^^SS^^  round  or  oval,  imbricating,  piesenting  a  tegular  hexagonal  design. 

s5BEgeguS3&  Nucleus    large,    spherical;     contractile    vacuoles   two   in    number. 

j^tej^gSS^^S  E^udopodia  numerous,  long  and  straight.     A  cnmnion  species  in  tbe 

^^^Cs^SiT  ooze  of  ponds,  among  algae  and  mooaes.    Length  45  to  100 1>. 

'  ^^  Fio.  J37.    fkflyf  is  olHsfata.    X  37s.    (Oiigifuil.  from  a  prefMcd  mount.) 

133  (126)    Aperture  oval 134 

134  (135)    I^tes  bordering  aperture  denticulate. 

Eu^ypha  ciiiala  Ehrenberg  1S48. 

i/A-.^  Shell  compressed,  elongate-oval.    Plates  oval  01  round,  imbricated. 

«^S^^^r         Needle-like  spines  are  produced  from  the  entire  surface  or  in  a  line 

^V^^^^Y-        around  the  lateral  border  of  tbe  sheU.     Habitat  spdiagnum.     Length 

'^^S*^  F10.3J8.   Eii$lythatiUiiU.    X  150.    (Alter Penaid.) 

135  (134)    Pl&tes  bordering  aperture  lobed.     Euglypha  compressa  Carter  1864. 
Shell  greatly  compressed,  formed  of  elliptical  plates.  Imbricating 

and  presenting  a  btxagonal  design.  Numerous  spine^  fusiform  in 
k'A^oVsv.TTI.  shape,  are  produced  from  tbe  lateral  border  ol  the  shell  Habitat 
L;j^^£!4i>  ic  si*agoum.    Leigtb  70  to  13a  lu 

Fia.  339.    EytlyH"  camfrasa.     X  m-    (Alts  Leidy.) 

136  (i3i)    Margin  of  aperture  not  dentate.     Shell  oval,  compressed. 

Placocista  Leidy. 
Representative  species Plaatcista  spinosa  Leidy  1874. 

't       liW!iiTf //  "^^^  spedes  may  be  known  by  tbe   long,  awi-shaped  spines 

\\  1  JSfef'jJ^'ajfc^         which  are  movably  articulated  in  a  line  about  the  lateral  border 
' '  ITffP^JHl^T  °^  '^'^  '^'^    Plates  oval,  imbricating  in  a  regular  manner.    Uabi- 

■yifr^j^^^fv^  Fio.  3,0.    PlaioMa  ifhtta.     X 170-    (After  LcMy.) 

137(130)    Apwtuie  not  tenninal 138 

138  (143)    Shell  elongate-oval,  usually  compressed;    aperture  subtenninal. 

Plates  rounded Trinenta  Dujardin  .    .     139 

139  (140)    Oral  extremity  broad.    .   .   .  Tnnema  camfitanaium  Penard  1890. 

jJBWJW^-  This  spedes  Is  abort  and  broad,  the  anterior  end  usually  as  broad 

|SS6|Hff^  aa  the  posterior  extremity.   Aperture  oval.  Habitat  mosses.  Length 

^VSEbBV^                        Fio.  341,    TriMiKC  tamflaitaiiim.    x  sao.    (AlUf  Ptaaid.) 
140(139)    Oral  extremity  narrow 141 
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141  (141)     Hates  distinct,  large  size.  .    .    .   Trinema  enckdys  Ehrenberg  1836. 
The  aperture  is  circular  in  thii  spedes  and  lurroundtd  by  a  Dum- 
ber of  rows  of  very  minule  chitiooua  plates.     Fseudopodia  very  fine 
and  long,  usually  tew  in  number.    This  is  the  most  common  spedes 
of  the  genua  and  [s  found  everywhere  among  mosses.     Length  40  to 

Fig.  141.    Ttaima  oidieLyi.     x  jio.    (After  Penud.) 

141(141)    Plates  indistinct,  small  size.    .   .   .    Trinema  lineareVtnaxAi^go. 

The  plates  of  this  small  form  are  indistmct  except  about  the  edges, 
nbere  tbey  may  appeal  aa  minute  undulations.  The  aperture  is  round. 
HaUtat  as  other  apedes.    Lenetb  16  to  16  ». 

Pio.  14J.    Trimma  linun.    X  soo.    (After  PcDud.) 

145  (13S}    Shell  shaped  as  Trinema;  aperture  subtenninal;  plates  elongate. 

Corylhion  Taranek. 

Representative  spedes CorytAumiJufriMm  Taranek  1881. 

In  this  spedes  [he  shape  of  the  aperture  is  characteristic,  its  border  rep- 
resenting two  unequal  arcs  placed  together,  the  anterior  one  the  tonger. 
The  plates  are  dose  together  but  not  overlapping.  Habitat  mosses. 
Length  35  to  40 1>. 

Fic.  J44.    CanAitn  dMam.     Xjij.    (Aftei  Feoaid.) 

144  (1)     Fseudopodia  usually  anastomosing 145 

145  (158)     Fseudopodia  very  delicate,  usually  finely  branched. 

Subckss  Foraminifeim  .   .     146 

146  (147)     Body  without  a  covering;   pseudopodia  formed  from  any  part  of 

the  surface Biomyxa  Leidy. 

Representative  species Biomyxa  vagans  Leidy  1875. 

The  body  moves  slowly  but  continuously,  no  distinction 
between  ectoplaam  and  endoplaam  being  observed.  Fseu- 
dopodia long,  branching  and  aiustomoang,  always  chang- 
ing. A  granular  nudeus  and  a  number  of  contractile 
vacuoles  are  present.  Habitat  sphsgnoua  swamps.  Lai^ 
e  480  «  between  the  tips  of  the 

Fia.  J45.    Bitmyia  sofoiu.     X  6].    (Alter  Peuid.) 

147  (146)  Body  with  a  distinct  covering 148 

148(153)  Pseudopodia  extending  from  more  than  one  aperture.     .    .    ,  149 

149(152)  Envelop  elongate,  compressed.     .  .  AmphUrema  fuller  .    .  150 

150  (151)  Envelop  transparent,  with  no  foreign  particles  attached. 

Amphilrema  ftavum  Archer  1878. 

Pseudopodia  straight,  unbranched.  extending  from  the  oppo^te 

poles  of  the  envelop.      Protoplasm  always  endosing   chlorophyl. 

Nudeus.   ungle.      One    or    more    contractile    vacuoles.      Habitat 

Length  45  In  55  f 

Fic.  iifi.    Amtkilrima  jtmm.      X  i;s.     (After  Peaard.) 

I  (150)     Envelop  with  foreign  particles  attached. 

Amphilrema  mrtghtianum  Aicber  1S70. 
In  this  spedes  the  apertures  at  opposte  poles  are  sur- 
rounded  by   short   collars.     Chlorophyl  always    presenL 
Pseudopodia  often  branched.    Nudeus  single.     Contractile 
vacuoles  one  or  more.     Habitat  mosses.     Length  65  to  70  (i. 
lis.    (Aftei  Penard.) 
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151(149)    Envelop  ^herical Di^phrys  Baiker. 

Representative  spedes Difiophrys  archeri  Barker  1868, 

Id  this  species  the  [seudopodia,  which  att  loog  and  branched,  extend 
from  opposite  poles  oi  the  envelop.  The  protoplasm  aiways  encloses 
a  large  spheric^  globule  usually  yellow  or  brown  in  color.  A  DUcleut 
and  one  or  more  ointcactile  vacuoles  are  present.  Habitat  sphagnum. 
Diameter  8  to  10  ii. 


Fio.  34S.    DifLpkryi  1 


(AltB  I 


153(148)    FseudopodJa  extending  from  a  single  apertuie 154 

154  (iSS)    Envelop  very  flexible,  changeable  in  shape. 

Lieberkiiimui  ClaparMe  and  Lachmann. 
Representative  species.   .    .  LieberkUhnia  wageneri  C.  and  L.  1858. 


The  eovelop  is  noimally  pyrifoim  but  changeable  ii 

Pseudopodia  king,  aoaatomoiing,  enendiog  from  a  proti., 

peduncle  at  the  aperture.    NudJei  as  many  as  100.    Contractile 
vacuoles  numctoui.    Habitat  moases.    Length  06  ia. 


Fio.  149'   tMtrklA-as    1 


'.  I  JO.    (Aits  Penan) .) 


155(154)     Envelop  rigid  or  sUghtly  flexible 156 

>S(>  (157)    Body  filling  the  envelop Gromia  Dujardin. 

Representative  species GrimitajtMnafi'u  Dujardin  1841. 

,    , .  Envelop  spherical  or  ovoid,  seldom  changing  shape.     The  outer 

■""■  S  ^ii' J'i  ij  surface  of  the  envelop  is  covered  by  a  delicate  sheath  of  proto- 

^-V"'5\J'*W/Wt^  plasm  in  wliich  minute  granules  drcuUte.     Pseudopodia  Dumerom, 

-    ■fii'i'i^.  M^^X^  anastomosing.    Habitat  among  actualic  planta.    Dtuneler  go  to 

■J"  —  'SO  It     This  »pede»  is  identicai  with  CroBiia  femcrfo  Lddy. 

Fio.  3SO.    Gromia  ffiaialUii.     x  ij.    (Alt«  Leidy.l 

157(156)    Body  not  filling  the  envelop Afjerojromto  R.  Hertwig. 

Representative  species.    .    .  Microgromia  socialis  R.  Hertwig  1874. 
Envelop  rigid  with  a  short  neck,    Pseudopodia  long,  uuslomosiag,  aris- 
ing from  a  peduncle  at  the  apeituie.      Sometimes  colonies  aie  formed. 
Habitat  standing  water.      Length  10 11.     Conn  reports  a  form  from  Con- 
necticut which  he  refers  to  this  species  with  some  doubt  as  to  its  identity. 

F10.JJ1.    MUroirBmiaaciaUs,   n,  ooDInctile  Tacud^  ■,  Dudeni.    X  S4t. 
(Alter  Hertwig.) 

158  (145)     Pseudopodia  ray-like,  soft,  and  anastomosing  when  touching. 

Subclass  Proteomyza  .    .     159 

159  (i6o)     Body  amoeboid;  endoptasm  colorless.  .    .    Nuckaria  Cienkowsky. 

Representative  species.  .    .   .  NucUaria  sim^ex  Cienkowsky  1865. 

Body  normally  spherfcai  but  capable  of  changing  shape.  Pseudopodia 
arising  from  all  parts  of  the  Ixidy.  Nucleus  central,  oontractUe  vacuoles 
-re  than  one.     Diameter  30  to  50 1>.     Reported  by  Codd  fo>m  Connectl- 

FIo.  351.    ItacltHa  limpla.    x  no.    (After  Ccul) 
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i6o  (159)    Body  amoeboid;  endoplasm  red  or  brown. 

VamPyrdla  Cienkowsky. 
Representative  species.  ,   .  Vampyrella  laleritta  Cienkowsky  1865. 

Body  ^etical  or  dongUcd.  Psrudopodia  aiising  from  all  puts  of  Ihe 
body  or  Irom  one  poiat.  Tbe  nucleus  BDd  contrscliK  vacuok  usually  con- 
ceaJcd  by  the  coatenti  of  tbe  endoplum.  A  gditioous  ^eath  aomclimei 
surrounds  the  body.    Htbiut  unoDg  slcae  upon  wtkicb  It  feeds.    Diunetcr 

15  to  80  «. 

Re  3u.    KMAmBn  taHritia.     X  ajo.    (Alter  Cons.) 

161  (1)     Pseudopodia  with  aual  filameats. Class  Actlaopodo. 

Fresh-water  spedes  included  in  one  subclass. 

Subclass  Halloioa   .   .     163 

No  central  capsule  betireoi  endi^lasn  and  eclopUsni.    PieudopodJa  ray-like. 
163  (165)    With  DO  external  envelop  ....  Order  Apfarothoracida  .   .     163 

163  (164)     Nucleus  single Acttnophrys  Ehrenberg. 

Representative  q>ecies Actttwphryi  sol.  Ehrenberg  1S30. 

Body  q>herlca1  with  proIopUsm  higbly  vacuolated.  Usually 
one  contiBctile  vacuole  which  rises  and  pushes  out  tbe  surface  as 
a  rounded  globule  before  bursting.  Pseudopodia  exteadiiig  from 
all  puts  of  the  body,  Habiut  pond  water  among  aquatic  plants; 
very  commoa.    Diameter  40  to  50  it. 

Fio,  354.    AihiKfliryi  hI.  a,  aietitcSk  nxualK.    X  14J.    {Alta  Leidy.f 

164  (163)    Nuclei  many Aclittosphaerium  Stein. 

Representative  species. 

Actinospkaerium  eickkornii  Ehrenberg  1840. 

Protoplasm  vacuolated  with  very  larse  vacuoles  about  the 
periphery.  Nuclei  scattered  tbraugbout  tbe  eadoplaam.  Pseudo- 
podia eitendintt  from  all  parts  o(  the  body.  One  or  mole  COD- 
tnictile  vacuoles.  -  Habitat  among  aquatic  plants.  Not  conunon. 
Average  diameter  sao  to  300  ,l.      Some  bave  reported  indiWduals 


Fic.  3SS.    AcUMastkaerimt  liiUmui.    a,  contnctOe  vacuole.      X  40. 
(After  Lddy.) 

165  {163)    With  an  external  envelop 166 

166  (167)    Envelop  gelatinous,  without  plates  or  spicules. 

Order  CUamydophoni. 
*  One  genus  reported  in  North  America.     .   .    .  Aclinolophus  Schultze. 

With  a  pedicel. 

Representative  Species.  .  .  Aclinolophus  mtnutus  Vfalton  igos- 
Pseudopodia  veiy  short,  extending  from  all  parts  of  the  body.  Nudeus  single,  in 
tbe  posterior  tc^n.  Coatmctile  vacuole  not  observed.  Diameter  of  body  with  en- 
velop II  p.  Loigtta  of  pedicel  70  ■.  Habitat  river  water.  Described  b;^  WsJton 
Irom  Ohio.  This  genus  is  introduced  provisionally.  Further  luiowleitee  is  needed 
concerning  it,  as  certaio  spedes  referred  to  the  genus  show  marked  a£nities  witb 

0.  3j6.    Aaiaoletiiu  MhHOm.    a,  coptiictilc  vacuohi  ■,  nudeus.    X  ISO.    (After  Waltoo.) 
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167  (166)     Envelop  with  moie  or  less  closely  united  spicules. 


16S  (17s)    With  a  thick  protoplasmic  envelop  in  which  are  imbedded  skeletal 
elements  in  the  form  of  spicules  or  plates. 

Older  Clularoflioraca  .    .     169 

169  (172)     Skeletal  elements  loosely  connected 170 


170  (171)    Spicules  chitinous,  radiating  between  the  pseudopodia. 

Hekrophrys  Archer. 
Repcesentalive  species.  .    .    .    BeUrophrys  myriopoda  Archer  1869. 

In  Ihla  species  (he  envelop  is  muciUginous.  its  outer  border  pre- 
senting a  villous  appearance  due  to  the  arraogement  of  the  siMCules. 
Ray-like  pseudopodia  penetrate  the  envelop.  This  organism  is 
known  Co  take  possesion  of  spicules  (rani  specie;  o(  related  genera, 
probably  from  discarded  skeletons,  and  make  them  a  part  of  its 
own  envelop,  Endoplasm  usually  green  with  symbiotic  algae. 
Nucleus  single.  .\  contractile  vacuole  is  not  always  observed. 
Habitat  marshes  and  standing  water.    Diameter  70  m. 

Fick  357.    Hfterafkrys  myriapoda,     X  igo.     fAfter  Penard.) 

171  {170)     Spicules  siliceous,  scattered  through  the  envelop  and  surrounding 

the  bases  of  the  pseudopodia.    .    .    .  Rapkidiophrys  Archer. 
Representative  spedes. 

Saphidiophrys  elegans  Hertwig  and  Lesser  1874. 

The  spicules  are  semicircular,  with  their  convex  surfaces 
toward  the  body  and  pseudopodia.  Nucleus  ungle.  One 
Conlraclile  vacuole.  Chtorophyi  sometimes  present.  Often 
numbers  of  these  individuals  are  grouped  into  colonies,  joined 
by  protoplasmic  processes.     Habitat  among  aquatic  plants. 

R.  tiridis  Archer  differs  from  R.  detain  in  the  fusiform  spic- 
ules and  the  constant  presence  of  symbiotic  algae. 

Fio.  ];8.    RafhUicpkryi  tittvu,     X  ijo.     (Alia  Leidy.) 

17a  (169)    Skeletal  elements  closely  united,  forming  a  compact  envelop.     173 

173  C174)    Spicules  siliceous,  globular,  completely  surrounding  the  body. 

Pompholyxopkrys  Archer. 
Representative  spedes.  .   .  Pompholyxopkrys  punicea  Archer  1869. 

about  the  body.      Endoplasm  red- 

_, „_.     _.  J  contractile  vacuole.     Pseudopodia 

very  fine  and  indistinct.  Habitat  among  aquatic  plants  in  ponds  and 
in  swunpi.  Diameter  15  to  30  ».  Leidy  records  this  specie*  inaa 
New  jersey  as  Byalalampe  fenalrala  GreeS. 

Fia  JS9.    FtmflulyiapMryi  pumaa.      X  too.    (Alter  Penard.) 
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174  (173}    Spicules  siliceous,  in  the  foim  of  plates  and  d^cate  radiating 

spines AcanAocystU  Carter. 

Representative  species.  .    .     Acontkocystis  ckaelophora  Leidy  1874. 

The  ikdetal  plates  ue  oval,  amnged  tasgeotially.  The 
spinou* layiue of  (wo  lengths,  the  loog  odcs  acutely  forked. 
theshOTtoDeswidely  (orkedatthediitnTeTtiemities.  Nudeiu 
Urge,  usually  do  contractile  vacuole.  Endoplasm  green  in 
color  from  eueloied  chlorophyj.  Habitat  uaoog  aquatic 
plants.     DUnteter  of  body  50  to  bo  ,1. 

Fic.  ]6a,    Aaimlliixyitu  ihatltflun.     X  ijo.    (After  LcMy.) 


One  genus  reported  in  North  America.    .    ,    ,     ClalhruHna  Cienkowsky. 

Envelop  with  a  Kalk. 

Representative  species Clathrulina  degans  Cienkowsky  1867. 


Envelop  more  or  leas  chltinoua,  peilarated  by  numeraua  larse,  irreg- 
ular openiDgs.  Protoplasm  not  filling  the  envelop.  Nucleus  iaingle. 
One  or  more  contractile  vacuoles.  Pseudopodia  veiy  delicate,  appar- 
ently without  axial  filaments.  Habitat  sphagnous  swamps  and  among 
aquatic  plants;  very  common  in  same  locaiitiea.     Diameter  of  envelop 

Fio.   361.    Ctailnlina  dvow.     X  ijo.    {Aita  LeUy.) 
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CHAPTER  DC 
FLAGELLATE   AND   CILIATE    PROTOZOA 

(UASTIGOPHORA   ET  INFUSORIA) 
By  H.  W.  conn  and  C.  H.  EDMONDSON 

Pniatf  ti  Bitloty,  Waltjiiin'iU»ittnily  .liniEiM  Pnifaur  tif  Zaolaty,  Uniirnly  ^  Onpm 

By  early  observers  the  term  Infusoria  was  applied  to  all  minute 
organisms  found  in  water,  including  not  only  unicellular  animals 
but  many  minute  plants  and  not  a  few  multicellular  animals,  as 
rotifiers,  sponges,  etc.  Later  the  term  was  restricted  to  those  one- 
celled  animals  which  are  commonly  found  in  standing  water  and 
which  move  by  means  of  long  whii>-Iike  processes  called  fiagella 
or  by  shorter,  hair-like  structures  called  cilia. 

At  the  present  time  the  flagellated  forms  are  included  under  the 
subphylum  Mastigopbora  and  those  possessing  cilia,  throughout 
their  entire  existence  or  during  their  embryonic  stage  only,  are 
grouped  under  the  subphylum  Infusoria.  Mastig<^ora  and 
Infusoria  are  of  almost  universal  distribution,  occurring  in  fresh 
and  salt  water,  abundant  in  clear  pools  and  streams  as  well  as 
in  stagnant  bodies  of  water  and  also  in  infusions  of  plant  or  animal 
macerations.  Some  are  parasitic,  living  upon  or  within  the  bodies 
of  other  animals. 

In  the  Mastigophora  dagella  are  the  characterisdc  structural 
features.  These  structures  are  slender,  flexible,  whip-like  processes 
drawn  out  from  the  body,  commonly  at  one  end^  The  flagellum 
when  single  is  usually  directed  forward,  and  by  a  lashing  movement, 
a  corkscrew  twisting,  or  a  mere  vibration  of  its  free  distal  end 
draws  the  body  forward.  Flagella  may  be  nimierous  and  often 
one  or  more  are  directed  backward  or  traO  at  the  side  in  addition 
to  those  extended  in  advance. 

That  a  close  relationship  exists  between  flagella  and  pseudopodia 
is  easily  observed  in  a  number  of  forms.    Some  low  flagellates 

»38 
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possess  well-defined  pseudopodia,  and  the  flagella  of  these  fonns  have 
the  appearance  of  pennanent,  specialized  pseudopodia  endowed 
with  the  power  of  vibration.  The  interchanging  of  pseud<^xxlia 
and  flagella  has  been  referred  to  in  the  case  of  VampyrsUa  under 
Sarcodina.  The  origin  of  the  flagellum  has  been  traced  in  some 
forms  to  the  region  of  the  nucleus,  which  may  be  considered  as 
evidence  in  favor  of  its  homology  with  the  axial  supports  of 
pseudopodia. 

Cilia,  which  are  the  conspicuous  and  for  diagnosis  the  special  struc- 
tural feature  of  the  ciliates,  as  contrasted  with  flagella,  are  short, 
hair-like  processes.  They  arise  from  the  ectoplasm,  not  origina- 
ting from  the  deeper  regions  of  the  body  as  do  flagella.  Cilia  may 
be  evenly  distributed  over  the  surface  of  the  animal  or  restricted 
to  certain  regions  or  zones.  Often  fusion  of  dlia  takes  place  form- 
ing vibrating  membranelles  or  large  brisUe-like  cirri  or  setae.  By 
tufts  of  cilia  certain  forms  may  be  temporarily  attached  to  supports. 
Suctoria,  in  transition  from  the  embryonic  stages  to  the  adult,  lose 
the  covering  of  dlia  which  is  replaced  by  hoUow  tentacles,  capable 
of  extension  and  retraction.  The  tentacles  may  be  pointed  or  dis- 
tinctly capitate,  the  prey  being  pierced  by  them  and  its  protoplasm 
drawn  through  the  hollow  tubides  into  the  body  of  the  suctorian. 

In  Mastigophora  and  Infusoria  the  protoplasm  is  similar  in 
structure  to  that  of  lower  Protozoa,  being  alveolar  in  character. 
However,  in  these  groups,  the  protoplasmic  contents  of  the  body 
are  not  arranged  in  zones  to  the  extent  found  in  Sarcodina.  Great 
variation  exists  in  the  consistency  of  the  body  both  in  flagellates 
and  in  dUates.  In  some  the  body  is  soft  and  flexible,  the  ectoplasm 
permitting  rapid  changes  in  shape  or  even  the  formation  of  pseud- 
opodia; others  are  endosed  by  inflexible  membranes,  sheaths,  or 
well-defined  plates.  Cup-like  loricae  are  sometimes  developed, 
to  the  inner  surface  of  which  the  animal  may  be  £zed,  from  which 
it  may  project,  and  into  which  it  may  retract.  In  a  few  of  the 
flagellates  a  delicate  collar  is  formed  about  the  base  of  the  flagellum. 
The  collar  is  very  transparent,  variable  in  size,  and  capable  of  being 
retracted  into  the  body  protoplasm  like  a  pseudopodium. 

Many  flagellates  and  ciliates  are  free  swimming,  while  some  may 
be  temporarily  fixed  by  dlia  or  flagella  or  by  the  adherence  of  a 
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surface  to  some  support.  Others  are  attached  by  stalks  or  pedicels 
which  may  be  rigid,  flexible  or,  in  some  forms,  as  VorticeUa,  may 
contract  spirally.  Special  organs  of  defense  are  provided  in  a  few 
Eagellates  and  many  dliates  in  the  form  of  trichocysts  or  stinging, 
thread-like  structures.  In  at  least  one  genus  of  flagellates,  /"o/y- 
krikos,  the  stinging  threads  are  highly  specialized,  resembting 
nematocysts  of  Coelenterata.  As  in  Sarcodina,  one  or  more  con- 
tractUe  vacuoles  are  usually  present  in  the  flagellates  and  dliates, 
their  function  being  similar  in  all  Protozoa. 

Nuclei  are  present  in  all  Mastigophora  and  Infusoria  but  con- 
Mderable  structural  variation  exists  with  respect  to  them  in  these 
two  groups.  In  some  flagellates  the  nucleus  consists  of  scattered 
or  grouped  particles  of  chromatin  without  a  nuclear  membrane, 
while  in  many  of  the  higher  Infusoria  it  consists  of  a  highly  differ- 
entiated, branched  structure.  Infusoria  differ  from  other  Proto- 
zoa, with  a  few  possible  exceptions,  in  the  possession  of  two  kinds 
of  nuclei  in  each  cell,  a  macronucleus  and  a  micronudeus,  the 
former  being  concerned  with  the  vegetative  fimctions  and  asexual 
division,  the  latter  with  sexual  division.  The  macronucleus  is  the 
larger  and  often  varies  greatly  from  the  regular  spherical  type;  the 
micronudeus  is  usually  very  small,  spherical,  and  in  close  contact 
with  the  macronucleus.  In  but  one  flagellate,  Polykrikos,  has  this 
differentiation  into  two  nuclei  been  found.  In  the  key  which 
follows,  wherever  the  term  nudeus  is  mentioned,  reference  is  made 
to  the  macronudeus.  In  many  forms  of  Mastigophora  and  In- 
fusoria as  well  as  Sarcodina,  the  nudeus  endoses  a  spherical  body 
which  functions  as  a  division  center.  During  the  resting  stage  of 
the  cell  the  division  center  resembles  a  nudeolus  in  appearance,  but 
during  mitosis  it  elongates,  forming  a  spindle,  and  indirect  division 
comparable  to  that  in  the  Metazoa  occurs  in  some  of  the  more 
complex  forms. 

The  endoplasm  of  many  Mastigophora  encloses  colored  corpusdes 
or  chromatophores,  green,  yellow,  and  brown  being  the  prevailing 
colors.  The  chromatophores  themselves  often  enclose  deeply 
staining  pyrenoid  bodies  which  probably  have  to  do  with  the  con- 
struction of  starch.  Other  inclusions  as  oU  droplets,  paramylum 
granules,  aUied  to  starch,  and  pigment  spots  are  common  in  those 
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forms  containing  chromatophores.  The  red  "eye-spot"  is  usually 
located  at  the  anterior  end  of  the  body  neat  the  base  of  the  flagellura 
and  probably  functions  as  a  sense  organ,  being  stimidated  by  rays 
of  light.  Chromatophores,  oil  droplets,  and  pigment  spots  may 
sometimes  be  found  in  Infusoria  but  are  much  less  common  than 
among  the  flageUates. 

Generally  speaking,  the  physiological  processes  in  Mastigophora 
and  Infusoria  are  carried  on  precisely  as  in  Sarcodina,  The  pres- 
ence of  chlorophyl  in  some  of  the  flagellates  makes  possible  the 
synthesis  of  food  from  inorganic  elements,  but  in  many  of  these 
forms  and  in  nearly  all  of  the  dliates  distinct  mouths  are  developed, 
sometimes  permanently  open  and  sometimes  open  only  while  food 
is  being  ingested.  The  symbiotic  relationship  exists  with  algae 
in  some  species  of  ciliates  also.  Among  Mastigophora  food  is 
often  whipped  down  by  the  flagellum  to  the  soft  ectoplasm  at  its 
base  where  ingestion  takes  place.  The  delicate  collars  present  in 
some  flagellates  assist  in  food  getting.  Among  ciliates  the  vibrat- 
ing cilia,  membranelles,  and  membranes  serve  to  draw  food  toward 
the  animal  by  arousing  currents  of  water.  In  Suctoria  the  tentacles 
are  organs  for  securing  food,  their  distal  extremiries  being  provided 
with  openings  through  which  the  protoplasm  of  the  prey  is  drawn. 
Respiration  and  excretion  are  similar  processes  in  all  Protozoa. 
The  contractile  vacuoles  assist  in  the  excretion  of  waste  fluids  and 
probably  of  gases.  In  some  Infusoria  there  are  definite  points  on 
the  surface  where  waste  solids  pass  from  the  body. 

Among  the  Mastigophora,  longitudinal  fission  is  the  predominating 
method  of  reproduction,  only  a  few  forms  dividing  transversely. 
Usually  the  chromatophores,  "eye-spot"  and  pyrenoids,  if  present, 
divide  as  well  as  the  nucleus  during  reproduction.  The  flagellum 
sometimes  divides  longitudinally,  and  in  other  forms  is  cast  off, 
new  flagella  being  developed  as  the  cells  separate.  In  some  cases 
the  "eye-spot,"  pyrenoids,  and  flagella  are  duplicated  before  a 
division  of  the  cell  commences.  Many  colonial  forms  of  Masti- 
gophora illustrate  a  highly  specialized  type  of  ceil  division  similar 
to  that  shown  in  a  metazoan  ovum.  Among  Infusoria  simple 
division  is  the  predominating  method  of  reproduction.  Division 
may  be  longitudinal,  transverse,  or  diagonal,  both  nuclei  dividing 
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during  the  process,  new  structures  such  as  mouth  parts  and  con- 
tractile vacuoles  usually  being  formed  as  division  goes  on.  The 
production  of  swarm  spores  is  common  among  the  flagellates,  occur- 
ring either  in  ,the  free  swimming  or  encysted  condition  and  develop- 
ing into  the  adult  either  directly  or  after  the  fusion  of  two  of  them 
has  taken  place.  Swarm  s[>ores  are  produced  in  a  few  species  of 
ciliates  during  encystment. 

Conjugation  occurs  in  both  Mastigophora  and  Infusoria.  In 
some  cases  the  fusion  is  permanent;  in  others  it  is  temporary,  the 
cells  sqiarating  after  an  interchange  of  micronuclear  material. 
Conjugation  may  often  be  followed  by  either  encystment  or  the 
production  of  swarm  spores,  or  both.  Gametes  of  unequal  size  ^e 
frequently  produced,  in  some  cases  union  between  two  small  gametes 
taking  place,  in  others  a  large  and  a  small  one  uniting.  Among 
Vorticellidae  there  is  a  complete  fusion  of  the  free-swimming  micro- 
gamete  with  the  fixed  macrogamete.  In  some  of  the  more  compli- 
cated flagellates,  as  Volvox,  phentHuena  closely  resembling  sexual 
reproduction  occur;  sex  cells  are  differentiated  from  somatic 
ceUs,  ova  and  ^>erm  are  developed,  and  new  colonies  are  produced 
as  a  result  of  fertilization.  Encystment  occurs  in  Mastigophora 
and  Infusoria  as  in  Sarcodina,  the  condition  sometimes  being  pre- 
ceded by  conjugation  or  foUowed  by  the  formation  of  swarm 
spores. 

In  general,  methods  of  collecting,  studying  and  preserving 
Sarcodina  may  be  employed  for  Mastigophora  and  Infusoria. 
However,  these  latter  are  often  free-swimming,  swift-moving  forms, 
and  before  any  satisfactory  study  of  them  can  be  made  their  move- 
ments must  be  retarded.  An  aqueous  solution  of  gelatin  will  check 
the  movements  without  killing  the  animals  if  a  solution  of  the  right 
conastency  is  used  and  this  may  be  obtained  by  trial.  Egg  albumen 
may  be  substituted  for  gelatin.  A  drop  of  very  dilute  methyl 
alcohol  added  to  the  water  containing  Protozoa  will  usually  nar- 
cotize them.  Evaporation  of  water  from  xmder  the  cover  glass  will 
gradually  retard  their  movements  but  the  larger  forms  will  soon 
be  crushed  by  the  weight  of  the  cover  imless  the  latter  is  supported 
by  wax  feet,  bits  of  pa[>er,  or  very  thin  glass.  Fine  capillary  tubes 
broken  into  short  pieces  make  useful  rollers  on  which  the  cover 
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glass  may  be  supported  and  the  protozoan,  if  under  the  proper 
pressure,  may  then  be  rotated  for  study  from  various  aspects. 


KEY  TO   NORTH  AMERICAN    FRESH-WATER   MASTIGOPHORA 

I  (131)    Flagellated  forms  with  animal  characteristics  predominating. 

Class  Zoonuuticophont  .   .     2 

Confessedly  a  poor  deRnition,  but  no  better  can  be  given.  The  beginaer  will  often  be  in 
doubt  Tihether  forms  under  con^dcration  aie  flagellatHl  Bnimals  (Mutigophora).  01  flsgel- 
lated  plants  (unicellular  algae),  or  less  frequently  Sagellate  stages  (spores)  of  Protosoa  and 


3(118)  Without  protoplasmic  collars.  .  .  Subclass  lissoflagelkta  .  .  3 
3  (36)  Very  plastic,  often  producing  pseudopodia.  Order  HonuUda  .  .  4 
4(15)    Not  forming  colonies  and  without  lorica. 5 

5  (11)     Pseudopodia  present;  flagella,  one  or  two. 

Family  RmzoiUSXIGroAE  .    .       6 

6  (9)     Flagellum  »Dgle i 7 

7  (8)    Pseudopodia  lobe-like  or  pointed,  sometimes  branclied. 

Mastigamoeba  Sdiultze. 
Representative  species Mastigamoeba  lonpfilum  Stokes  1886. 

^■^     I  Rody  very   rhangeable  ui  Aape,  often   producing  distinct 

V.Sl^Ogii'"^  paeuilopodia;   movements  usually  slow,  repeat,  but  sometimes 

•jps    ^"""""^r        )  'he  animal  glides  forward  rspdiy  without  pseudopodia  being 

Kj\  ^_/V,;,   (  (onned.      Flagellum  long,  vety  active.     Nucleus  small,  near 

■"^Vt^-Qfij-^^^^' 1  the  anterior  extremity;   cuntracfile  vacuole  single,  anterior  in 

position.    Length  ti  to  jo/i.    Standing  water,  aotong  decayuig 

vegetation. 

Flo.  3G9.    UaiHiamtAa  lomfifiam.     X  looe.    (Alto  Cihui.) 

8  (7)    Pseudopodia  ray-like,  often  capitate AcHnomonas  Kent. 

Representative  spedes AcHnomonas  vemalis  Stokes  i&^s- 


y  part  o(  the  periphery,  timple  or  branched, 
s  subcentral;  contnctile  vacuoles  sevetaL  Diameter 
to  li.    Shallow  ponds  in  early  spring. 


9  (6)    More  than  one  flagellum 10 
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d(ii)     Pseudopodia  ray-like  with  swellings  along  their  aniise.     Flagella 

directed  forwaid Acinetaclis  Stokes. 

Repiesentative  spedes Acinetaclis  mirabUis  Stokes  1886. 


,        .         .  Short,  lobite  nmdopodU 

oftcD  in  adcUtiou  to  capitate  rays.  Flagella  aubeqiuii  arising  at 
lome  dislaiux  from  eadi  other.  Nudcus  ceatnl;  coottactile  vacu- 
ole two.    Diameter  about  ti  >i.    Stagnant  pood  water. 


II  (10)    Pseudopodia  lobe-like.    Flagella  two,  one  trailing.    Cercohodo  Rraas. 
Representative  species Cercobodo  sp. 


Spedes  not  detennined. 

Fio.  36s.   CtHtMt  ip 


13(5)    Plastic  but  not  fonniag  pseudopodia.    Flagellum  sin^. 

Family  Cekcouonasidae 


With  a  posterior  tail-like  filament Cercomonas  Dujaidin. 

Representative  spedes.  .    .    Cercomonas  longicaudala  Dujardin  1841. 

Body  elongate-ovate,  fuaform,  tenninatmg 
posteriorly  in  a  long,  tail-lilLC  tlamoit  about 
*   B  twice  the  length  of  the  body.    Nucleus  spher- 

ical, aubcentral.     Length  10  fi.     Vegetable 


14  (13)    Without  a  tail-like  filament Oikomonas  Kent. 

Repiesentative  spedes Oikomonas  sUinii  Kxnt  i9Sx>. 

Body,  in  motile  condition,  exceedingly  [dutic  with  a  dngle 
flageUum  at  the  anterior  end  and  a  lip-like  eitensioD  iriiich  as- 
sists in  t^ung  food;  in  sedentary  state,  pyiifonn  and  attached 
by  posterior  extremity.  Nucleus  posteriorly  located.  Length, 
whdi  contracted,  about  10  to  30  n.  Vegetable  infusions.  Sooal. 
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15(4)     Of  ten  foTming  colonies  and  of  ten  with  lorica 16 

16(31)    Lorica  present Family  Bikoecidae    .   .     17 

17(10)    Not  forming  colonies 18 

18  (19)     Body  attached  in  lorica  by  thread-like  peduncle;    with  peristome 

process.    Two  flagella Bicosoeca  James-Clark. 

Representative  spedes Bicosoeca  kpUca  Stokes  1885. 

Lorica  subcylindtJcal  with  a  very  short  necic  in  front;  drawn  out  to  tn  acute 
point  where  attachment  is  made  with  (he  pedicel.  Body  ovate,  oblique^ 
tnmcate  in  front  and  projeclin^  slightly  lieyond  the  margin  of  the  lorica  when  fully 
extended.  Flaj^ella  unequal.  Nucleus  neai  the  middle  of  the  body:  two  con-- 
tractile  vacuoles.  A  chestnut-brown  color  of  the  lorica  indicates  old  age.  Leogth 
— lY'i  o(  lorica  15  to  iS  p.     Pond  water  among  algae. 

Fio.  36S,    BiauHa  ItflKa.    a,  cmtiartile  vacuole;  ■,  nudein.     X  &4a.      (After  SUka.) 


19  (i8)    Body  not  attached  by  tbiead-Uke  peduncle,  no  peristome  process. 

Flagellum  ungle Codonoeca  James-Clark. 

Representative  species Codonoeca  incliitala  Kent  1880. 


Lorica  ovate,  attached  obliquely  to  a  pedicel  twice  its  length.  Body  attached 
to  the  posterior,  inner  surface  of  the  lonca  without  a  peduncle.  Not  projecting 
beyond  the  margin  of  the  lorica.  Flagellum  extending  considerably  beyond 
the  aperture.  A  nucleus  and  a  contractile  vacuole  in  the  posterior  region  of 
the  body.    Length  of  lorica  15  fi.    Pond  water. 


FM.369.   Cainfca  <f Haifa. 


I,  oontocUle  vacnols.    X  Sio.    (After  Kent) 


90  (17)    Fonning  colonies,  with  peristome  projection. 

St^bryoH  de  Ftomentel. 
RepresenUtive  species.   .   .   Stylobryon  petMafum  Dujardin  1838. 


Each  lotka  wioeglaas-ih^ied,  pointed  posteriorlyi  attached  to  a  pe£cel 
which  arises  from  witbia  the  cavity  of  the  assodaled  lorica.  Body  {dastic. 
Flagella  two,  unequal  in  length.  Length  of  lorica  30  to  jo  |i-  Pond  water. 
Often  subdividing  by  spores. 

Fni.  3TO.    StyLirynttHahlum.  a.coDtimcliieneu^im,iuiiieia.  Xls.  IMtcrZrat.) 
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31  (i6)    Without  lorica;  one  or  more  flagella. 

Family  Heterohastigidae  .   .     aa 

33  (39)    Not  fonniog  colonies 33 

33  (36)    Flagellum  angle 34 

34  (35)     Flagellum  directed  forward Leplomonas  Kent. 

Representative  species Lepiomonas  tip. 

JL  .  Body  ptunted  anteriorly   and    very   flexible.     Flagellum   long   and   active. 

/'^'Pv^  Often  parasitic.     Fig.  j;i  represents  a  form  reported  by  Coon,  taken  from  ■ 

V  ^v  watering  trough,  and  assigned  to  (hia  genus  with  some  doubt. 

\  I  Spedes  not  determined. 

X  8ts.    (AIUiCodb.) 


35  (34)     Flagellum  trailing. Shynchomonas  Kleba. 

Representative  spedes Rhynchomonas  nanda  Klebs  1886. 


Body  ovate,  slightly  compressed,  anterior  end  prolonged 
into  a  movable  procesa.  Mouth  near  the  anterior  end. 
Nucleus     central.       Gjntractile    vacuole  anterior.      Fresh 


Fiajji.    £jb]mcjbHi«Hi  mnla.     X  iioo.    (After  Cooa.] 


afi  (33)     Two  or  more  flagella 37 

17  (38)    Body  free  or  attached  by  an  attenuated  posterior  end;  spherical  to 
ovate,  with  one  chief  flagellum  and  one  or  two  secondary 

ones.     Moderately  flexible Monas  Ehrenberg. 

Representative  spedes Monas  fiuida  Duj^rdia  1S41. 


Fig.  j;3.    ttatlti  finida.    cr.  cootnctile  vicuok:  n.  nuclculi  i.iligma;  iB.moutli. 
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a&  (37)    Free,  like  Monas,  but  wiUi  the  anterior  end  oblique. 

Pkysomonas  Kent. 
Representative  spedes Pkysomonas  ehngata  Stokes  1886. 

Body  doncate-ovate,  changiable  in  stupe;  [m-nirinumag  or  tonponrily 
■ttacbed  by  ■  very  short  pediccL  Fla^ells  two,  uncqu&L  Contimctile 
vacuole  Ulterior  in  pontioD.    Length  about  11  fi.    Swamp  water. 

Fn.  374.    PJooMwaw  liMfota.    a.  contnctDe  vuuok;  ■,  budeiii. 


ap  (ai)    Foiming  colonies.    Two  flagella 30 

30  (33)    One  zooid  upon  the  end  of  each  branch. 31 

31  (33)    Pedicel  rigid Detidromonas  Stein. 

Representative  spedes Dendromonas  virgaria  Weisse  1845. 

Body  of  looid  pyrifonn,  compressed,  with  an  ulterior. 
Up-like  projectkiD  from  toe  base  of  whldi  ariie  the  two 
unequal  Bogella.  Nucleus  sioKle;  cootnctile  vicuole  one 
or  two.  Colony  branching  dicAotomously.  A  colony  may 
iodude  over  one  hundred  zooida.  Loigth  of  zooId  S  to  lOfi. 
Pointer. 


(Aha  Bloc 


$1  (31)     Pedicel  flexible Eamosonema  Kent 

Representative  spedes Ramosonema  laxum  Kent  1871, 

Zootds  pyrifonn,  compressed,  obliquely  tniacate  anteriorly.  Pedicel 
very  denoer,  threadlike.  A  colony  may  include  as  many  as  twenty  or 
more  aooids.    Length  of  BMids  8  i>.    Pond  water. 

FIo-stS.    Kamoitmtma  iaimn.  fi.tOBtnnikvicuolc;  ■.nacleag.  QdoayXjji^ 
■ingle  uoia  X  looo.     (Afler  ^ot.J 


33  (30)    Many  zooids  upon  each  braoch 34 

34  (35)    Stalk  short,  branching  dichotomously  once  or  twice. 

Cepkalotkamnium  Stein. 
Representative  spedes.  .   .  Cephalolkamnium  caespUomm  Kent  18S0. 

Zooids  irregularly  pyrifonn,  in  dusters  of  two  or  three 
or  as  many  u  six  or  eight  on  the  summit  of  a  simple  or 
slightly  blanched  pedicd.    Pedicd  very  short.    Length 


■lightly  blanched  pedicd.    Pedicd  very  short.    Leogtl 
of  looid  about  6  11.    Fresh  water,  attached  Co  Cydaft. 

0.1T7.  Ct^iaMkamahm  tttifllnmm.   X  ItX.  (AfWCona.) 
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35  (34)     Stalklong,  stout,  greatly  branched.  Antkopkysa  "BoTy  de  St,  Vincent. 
Representative  species AnUiophysa  vegeians  Mliller  17S6. 

Bodis  atUched  in  nnette-like  dusters,  each  land  pytiform 
io  shape,  obUquely  truncate  ia  front,  with  two  flagetia  of  un- 
equal length.  Clusters  attached  to  a  bnnch«d  pedicel  or 
free  swinuning,  moving  through  the  mter  in  >  rolUng  motion. 

^^^^^^  Id  older  »»ges  the  pedicel  beoomes  dut  bioini  in  color. 

^^^^^^^^^g^^  Length  oi  zootd  s  to  10  >i.    In  stagnant  water. 

Fra.  sja.    AiUlutliyia  mfiamt.     X  soo.    (After  UOIWr,) 


• 


36  (3)     Somedmes  plastic  but  not  producing  pseudopodia 37 

37(60)    Chromatophores  not  present;  flagella  often  numerous 38 

38  (49)     Flagella  usually  two,  one  usually  trailing;  very  minute  forms. 

O^r  Heleromastiglda  .   .    39 

39  (40)     Flagella  three  in  number,  one  directed  forward.    .    .  Elvirea  Farona. 

Representative  species EJvirea  cumae  Vaxona  1S86. 

Body  ovate  to  dongale,  lalenUly  compressed.  The  shorter 
'''~~~^-~.^^^^^,--^—~-~.  '  flagelimn  directed  (orwud.     Mouth  and  nucleus  anterior. 


41  (43)    Both  directed  forward Diturmonas  Kent. 

Representative  species Dinomonas  vorax  Kent  1880. 

Body  penistent  in  dape,  subpyrifonn,  widest  posteriorly, 
slightly  curved.  Flagella  subequal,  longer  than  the  body. 
Laigth  15  r-    Hay  inlusioos. 

Fio.  3B0.    IMwwMi  Mi»i.     Xteoo.    (After  C(]Dii.J 

41(41)     One  Sagellum  trailing,  the  Other  directed  forward 43 

43  (46)    Body  spiral  or  oblique. 44 

44  (45)     Body  not  spiral,  anterior  end  oblique;  very  flexible. 

PhyUomiius  SUin. 
Representative  species.  .    ,    .     PhyUomilus  amyhpkagus  Klebs  1886. 
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4S  (44)    Body  spiral,  elongated Spiromonas  Perty. 

Representative  spedes Spiromonas  angusta  Dujaidin  1841. 

Body  five  or  six  times  as  lang  u  broad.    FU- 


!:elU  Hibequal.  as  Ions  as  the  body,  one  directed 
onraid;  body  sometimes  lemponrily  attached 
by  ODe.    Lengtb  10  *.    Hay  inhistons. 


Fn.  3S>.  Stimmmai  ouiuM.  X  looo.   (After  Conn.) 
There  is  doubt  as  to  the  ideotity  □(  Coim's  fonn. 

46  (43)    Body  neither  ^»ral  nor  oblique 47 

47  (48)    Kidney-shaped  to  spherical;  flagella  arising  from  a  vential  depres- 

sion, one  trailing.    Food  absorbed  by  a  dorsal  vacuole. 

Pleuromonat  Perty. 
Representative  spedes FkuromiMas  jacvians  Verty  i&s2. 


Body  kfdnQr-ibiped,  very  tuaU;  aoaetinMS  attached  by  the  po*- 
tarior  flacellura.    Contractile  vi       ■  -  '  -■ 


Ltogth  <  to  g  |L     Stagiuuil  water  and  infusions.     Movement* 
-^'--  and  leaping. 


ie  vacuole  anterior;  nucleus  posterior. 

„  Ji  <  IQ  o  ■..      Stan 

jerkins 

F«.j8i. 


48  (47)    Pear-shaped  to  spindle-shaped;    flagella  arising  from  the  anterior 
end,  one  trailing.    Food  itot  taken  in  by  a  dorsal  vacuole. 
Heleromila  Dujardin. 
Representative  species. Htteromita  opota  Dujardin  1841. 


49  (38)    Flagella  usually  numerous,  frequently  arranged  in  groups. 

Order  Pbytomutltf  d«  . 


50  (53)    Flagella  two  in  number S' 

51  (53)    Body  expanded  into  two  wings;  flagella  long. 

Trepemonoi  Dujardin. 
Representative  spedes Trepomonas  agUis  Dujaidin  1841. 


"f^ 


Very  irresular  in  shape,  different  appearances  beinf  presented 
from  different  point*  ot  view.  The  broad,  wins-like  lateral  lobe* 
curve  backward  neariy  to  the  middle  ot  the  body.     Length  10  p. 


Pond  water. 
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53(51)    Bodynotlaterally  expanded, sometimesattacbedbyastalk.    Flagella 

aiising  from  the  anterior  end.     .    .    Ampkimonas  Dujardin. 

Representative  spedea Ampkimonas  gfcbosa  Kent  1880, 


Fia.  3BC    Amtkimanu  iMsm.     X  87).    (Afut  Kcat.) 

CoDD  lEporto  ■  \<xia,  Icnmd  ■bundlntly  in  (be  fresh  wmtera  of  Connecticut,  wbich 
be  auigna  to  thi>  genus,  witb  some  doubt.  Altbough  aever  uUched  by  s  pedicel, 
the  two  equal  flagelU  would  Kcm  to  place  it  ben. 


53  (50)    Flagella  four  in  number 54 

54(55)    With  a  de^,  vertical  furrow Collodktyon  Cznti. 

55  (54)    Without  a  vertical  furrow 56 

56  (57)    With  three  flagella  directed  forward,  one  trailing.    Body  pear-shaped, 

rounded  in  front,  acute  behind.  .  Trickomastix  Blochmann. 
Representative  species Trkkomastix  sp. 

American  ipedes  observed  bave  not  been  de- 
tennined. 


Flo.  JS7.   Trithtmailv  tfi.    X  750.    (Alln  Codq.) 


57  (s6)    With  all  four  flagella  directed  forward 58 

58  (59)    Body  ellipsoidal,  with  two  thread-like  processes  at  the  pc«terior 

end Htxamita  Dujardin. 

RepresenUtive  species.    ..',..    ffexomda  inj^obi  Dujardin  1838, 


Body  plastic,  posterior  end  biSd.  raving  riae  to  the  trailing,  flogella-like 
processes  by  means  of  which  it  may  be  temporarily  fixed.  Length  10  to 
15  ^    PaaA  water  and  infusions. 

Pw.  jBS.    Btxan^  l^^au.    X  S]j.    (After  Codd.I 
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59  (58)    Body  obovate,  obliquely  truncate  in  front;  or  subpyriform  or  sub- 

spherical  with  a  rounded  front Telramitus  Perty. 

Representative  species Telramitus  variabilis  Stokes  1886. 

Bo^  changeable  in  fonn.  Flagetia  subequal,  Inierud  neat  the  middle  of  the  ta- 
terior  border.  Eadoplasm  gntnular.  Coatractile  vacuole  two.  Dear  the  (rant 
border.  Food  received  at  any  portion  of  the  surface.  Length  18  to  is  11.  Stand- 
ing water  with  decaying  vegetation. 

Fio.  jgg.    TttrimibH  tttiMSii.     X  ijo.    (After  Stokce.) 

60  (37)    Chromatophores  usually  present.    Flagella  one  ot  tvo. 

Order  Euflenlda  .    .     61 

61  (87)     Elongated  forms  usually  with  pointed  posterior  ends.     Chromato- 

phores usually  green.    Faramylin  bodies  present. 

Family  Edolenidae  .   .  6a 

6a  (69)    Naked  or  with  very  thin  cuticle 63 

63  (68)    Flagellum  single 64 

64  (65)    Attached  by  a  branched  stalk,  usually  surrounded  by  a  jelly-like  en- 

velop  Cdacium  Enrenberg. 

Representative  species Colacium  sleinii  Kent  1880. 


So  far  as  has  been  determined,  no  members  of  this  genua  have  been  reported  in 
North  America.  Several  spedea  have  been  rept^ted  in  Europe.  Usually 
attached  to  Cyclapi  or  otlier  iresh-w 


Fio.  390.    Ctlaiiim  iltMi.     X  350,     tAftei  Sent.) 


6$  (64)     Not  attached  and  not  surrounded  by  a  jelly-like  envelop.    La^e 
fonns,  spindle-shaped,  usually  green,  with  an  eye-spot. 

Eugkna  Ehrenberg  .   .    66 

66  (67)    Body  rounded  anterioify,  surface -smooth. 

Euglenaviridis  Ehrenberg  1830. 


I-Iike  posterior  pro- 
, ile  vacuoie  antoioT. 

>  to  7S  H.      Common.     The  chlorophyl  may  at  times  be  lost  and 
s,  no  doubt,  may  then  eiist  on  organic  substaacea. 

Emtftma  riridv.    n,  coDtractOe  vacuote:  ■,  nudeiu;  tam.  paramylum; 


67  (66)  3ody  cylindrical;  surface  beaded.  Euglena  spirogyra  Ehzeaberg  1830. 
Body  elongate,  cyhndrical,  with  n 
pointed,  tail-lJKe  proiongBtion.  PeriphetY 
covered  by  obiique  rows  of  minate  bead- 
like elevations.  Color  bright  green. 
Nucleus  centrai,  with  an  elongated  atarch- 
like  body  anterior  and  posterior  to  it. 
Tm.  19*,  Batltma  tUnan.  x  i<x.  (After  Cddil]  Eye-spot  near  the  base  oi  the  Bagdlum. 
Length  100  to  20a  it.    Among  algae. 
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6S  {63)    Flagelk  two;  body  spindle-sh^ted  when  extended;  duomatopborea 

disk-shaped Eutreptia  Petty. 

Representative  spedes Eutreptia  viridU  Perty  185a. 

Body  vefy  chugoUe  Id  (onn.  Fkgdla  cqualUng  tlie 
body  in  lenstb.  Eye-ipot  pnseat.  Lensth.  when  extended, 
100  iL    Pond  water. 

Fu.  19].    eiimf<M  iMtfli.     Xjoo.    lAHerCooBi) 

69  (76)    With  a  thick  cuticle  or  lorica 70 

70  (76)    Lorica  present 71 

71  (73)    Lorica  beaker-shaped  or  tube-shaped Ascogkna  Stein. 

•32  (71)    Lorica  spherical  or  cylindrical,  smooth  or  spiny. 

TTOchelomoruu  Ehrenberg  .   .     73 

73  (74i  75)    Lorica  smooth,  coloriess  .   .  Trachdomonoi  lagaidla  Stein  1878. 

Lorica  colorleu,  oval  or  elliptical,  unooth.    An  obliqudy  projecting  nedc 
Length  10  to  }Sr-     Fresh  mtet. 

Fic  J9«.    rriiMMiMM  loiMclIa.     X  60a.    (Alus  Stda.) 


74  (73i  73)    Lorica  spinous,  binwn.    .   .   .  TrachHomonas  kispida  Stein  1878. 

Lorica  elongate-oval,  with  end*  broadly  rounded.  Sutfacc  cov- 
ered with  minute,  ihaip-pointed  spines.  A  short,  tube-Uke  ne<l 
sometimes  present  Brown  in  color.  Length  30  to  j6  it  Plmd 
water,  with  other  spedes  of  the  genus. 

Fio.  jsi'    TVacMHWH)  Utfii*.     x  400.    (After  Cobh.) 


75  (73*74)    Lorica  smooth,  brown.   .    Trachelonumasvohocina'^aKuAxTg  1833, 

Loiica  nearly  spherical,  sutlsce  smooth,  usually  without  a 
Deck.  Flkgellum  long.  Color  brown.  Diameter  30  fi.  Very 
<n  among  algae  and  other  aquatic  plants. 

Flo.  196.    rfacMHHMi  hAichm.     x  4S0.    (After  Eteoodsoo.l 

76(69)    With  a  thick  curide  but  no  lorica 77 

77  (78)    Not  flattened,  ellipsoidal,  with  a  pointed  caudal  process. 

ChloTopelUi  Stein, 

Representative  species Chloroptltis  kispidula  Stein  1878. 

Surface  of  the  body  ornamented  with  mt- 
nute  niines  airaoged  in  kwgitudinal   rows. 
Endoplssm  green,  with  an  eye-spot.    Length 
55  II.     Fresh  water,  among  diiitoms. 
tm.39}.    CUBHfUai /HifuliiU.    X  60a   (After 


78  (77)    Flattened.  . 
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79  (84}     FosterioT  border  acute  or  with  a  caudal  appendage 80 

80  (81)     EUqMoidal,  slightly  flattened;  posterior  end  acute.    Longitudinally 

or  spirally  mariced Lepociiuiis  Perly. 

Representative  species Lefociiulis  sp. 


le  doubt    Spedet  luit  detemiioed. 


81  (80)    Round  to  pear-shaped,  asymmetrical,  much  flattened;  caudal  process 
present Pkacus  Nitzsch  .    .     83 

83  (83)     Caudal  process  moderate;  not  large. 

/UV  PAociu  ^Jewronecfaj  Nitzsch  iSiti. 

jfffiSS^  Ttil-like  projectioii  usully  curved.       Surface  longitudinBlly  itriated. 

f\\^jS  Endopluni  KRcn.  enclonng  one  or  more  luge.  amyUctoua  bodies.    Flagel- 

^^SSSf  lum  arises  from  t  deft-Ulie  mouth  cm  the  sntarioi  border.     Length  35  to 

>^F^  75  «,    Amoos  iquatic  plants. 

D  Fid.  J99.    Fkaaa  tUtuttclti.     X  450-    (AICb  Conn.) 

83  (Sa)    Caudal  process  long;  size  conspicuous. 

Phacus  longicaudus  Ehrenberg  1838. 


Jds,    Lcnstb  11 
Ro.  400.    Fkaaaiimpaaidmi.     X3IO.    (Altec  CooD.) 

84  (79)    Posterior  end  evenly  rounded 85 

85  (86)    Resembling  Phacus  but  without  caudal  appendage. 

Cyclottura  Stokes. 
Representative  spedes. Cyclanura  orbicuhla  Stokes  1886. 


86  (85)    Oval  in 
Represen 


Body  ovate  or  suborbicular,  thick,  annpreased,  with  a  loDgitudinal 
keel  across  the  ri^t-hand  side.      Color  green.      Coolractile  vacuole 

•nd  eye-spot  antcrioily  placed.    Length  about  50  h.    Stagnant  pcmd 


86  (85)    Oval  in  outlime,  ripd,  flattened.     Chromatophores  green,  two  ia 
number,  lateral  in  position.     .    .    .    Cryploglena  Ehrenberg. 

Representative  species Cryploglena  pigra  Ehrenberg  1831. 

Flagellum  single,  short.  Chromatophores  band-like,  following  tbe 
contour  ol  the  body.  A  scarlet  eye-spot  near  the  anterior  extremity. 
Length  1 3  h.    Fresh  watet. 

Fio.  401.   Ctjtlt^tmt  fi^t.    X  ijea    (AherCoaa.) 

87  (61)    Cobiless  forms  without  eye-spots.    Often  very  plastic    ....     88 

88  (loi)  Body  dongate,  usually  with  striped  membrane.    Nutrition  sapnv 

phytic.    Flagella  usually  two.    Family  A&tasiidae  ,   ,    89 
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89  (94)    Body  flexible;  one  or  two  flagella 90 

9°  (93)    Flagella  two 91 

91  (93)    Secondary  flagellum  very  small,  directed  backward.   .  Abasia  Stein. 
Repiesentative  spedes AslanatnckophoraEbitabeig  i$$o. 


Pciinary  flagdjun 
long.     Nucleus  c 

Fn.  40].     AiUiia  Mctftktra.     x  410.  teriorly  ktatcd.    Length,  when  ralcnded,  30  t( 

(Aftet  CoDBj  60  d.    COmmoD  tmoDg  diitonu  ud  algae. 

gi  (91)    Secondary  flagellum  about  half  as  long  as  the  primary;  both  flagella 

directed  forward Distigma  Ehrenberg. 

Representative  species. DisUpna  proleus  Ehrenberg  1830. 

Body  very  plaMic:  when  coatncted,  diitended  in  one 
or  two  regioiu.    Endoplaam  with  difk-colored  oorpusdes. 


.    Diitiimt  tnltiH.    a.  antnctile  vicwJe;  ■.  Dudnu; 
M,  phuyni.     X  310.    (After  Stein.) 

93  (90)    Flagellum  sin^e;  body  elongate,  tapering  posteriorly.    A  lortg  tubu- 

lar pharynx AtracUmema  Stein. 

Representative  species Atraclonetna  torluosa  Stokes  18S5. 

Body  flexfble  but  peniatent  in  shape,  colorless, 
endoBias  oblong  dart-bordered  corpuscles.  Fla- 
geltuia  about  half  as  long  as  the  body.  Movementa 
rotary  on  the  lottg  aiis.  Length  jo  to  80  fi.  In 
vegetable  infusions. 

Fu.401.    AInitlciitma  ItrUuu.    X  6]].    (After  Stokes.) 

94  (89)     Body  not  flexible 95 

95  (98}    With  longitudinal  or  spiral  ridges 96 

96  (97)    Elongate  or  crescentic,  with  four  longitudinal  ridges;   flagella,  two, 

unequal Spkenomonas  Stein. 

Representative  spedes.  .   .  Sphenomenoi  quadTangularis  Slaa  li^%. 


Body  aubfunlonn,  with  tbe  ridges  fomiog  a  quadrate  outline  in  cross  sec- 
tion. Long  flagellum  atout,  four  times  the  length  of  the  ihorter  one.  A 
large  amylaceous  corpuscle  usually  endoied  id  the  eadoidasm.  Length  40  ^ 
Freshwater. 


Fk).  4e(.    Sfimtemeniti  futiniifittit. 


97(96)    Nearly  ellipsoidal,  with  many  spiral  ridges.     .  Tropidoscypkus  Sieia. 
98  (95)    Without  ridges 99 
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3o)     Resembling  Spkenomonaa,  but  witbout  lidges;  flagella  two,  unequal. 

Clostonema  Stokes. 

I       Representative  spedes Clostoitema  socttUis  Stokes  jSS6. 


lyngcal  puuge  preaent.    LcDgth  ftCKiut  lo  m- 
Fm.  40T.    Clsit«iUB<  utialii. 


100  (99)    Resembling  ClosUmema,  but  with  a  single  flagellum. 

Menoidium  Perty. 
Representative  species. 

Menoidium  peUuddum  Terty  1S51. 
Body  Umate,  obliquely  tnincated  at  tlw  anterior  citremity.  Poi- 
terioi  end  niunded.  The  abort  ude  of  the  body  thin  tad  sharp,  tlie 
king  side  rounded.  FUgellum  equaliiDg  the  body  io  Ungth.  One  or 
uore  unylueoiu  corpuaclea  usually  ptCMiit.  Length  40  to  60  ^ 
Fredi  water. 

F»,  408.    iltmUiim  t^lmUim.    x  joo. '  (After  Sena.) 

Body  riffld  or  plaatic,  usually  symmetrical;  one  or  two  dissimilar 
flbgella  deeply  sunk  in  tbe  body.    Nutrition  holozoic. 

Family  Peranuodaz  .    .   10a 

I03  (109)    Body  plastic 103 

103  (loS)    One  flagellum 104 

104  (105)  Oval,  flattened,  very  flexible;  distinct  pharynx  and  rod-like  ornn 

back  of  the  mouth Peranana  Dujardin. 

Representative  spedes. 

Peranema  Irichophontm  Ehrenberg  1838. 


Conn  reporti  a  number  of  undetermined  foimi  which  bear  coo^erable 
lesemblance  to  ttie  above  spedes  and  should,  irithout  doubt,  be  assigned 
to  the  genui  Ptranema. 


los  (104)    Flask-shaped;  neck-like  anterior  end  with  elongated  pharynx  and 
rod-like  organ 106 
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106  (107)    Without  sand  grains  attached Urceolvs  Mereschkowsky. 

Representative  spedes Urceolui  cydoslomum  Stein  1878. 

,  a  expanded  rim  tbout  the 

Pbiuyiu  neaiiy  readiiDg  the  posterior  extremity  with  Its  distal  end 
diluted.  Surface  uiiuUy  sjHnlly  huuIihL  Fluellum  ^lout  u  kHW  it  llie 
body.  Length  so«i.  Fre^  water.  Identical  with  FMalimcma  tyaoilemmm 
Mereachkowaky. 


107  (106)    With  sand  grains  atUched VrctolopHs  Stokes. 

Representative  spedes VrctehpHs  sabidosa  Stokes  1886. 


i 


Body  flexible  and  elastic,  with  a  short, 


irates  strongly  at  its  tip.    Foe 
h  couidcmble  (orce.    Length 


anterior,  neck-like  prolimsation. 

Movements  are  npd,  the  body 

I  downward.    The  long  flagellum 

Food  particles  are  drown  into  the  onl  aperture 


Vrnttettii  uM»a.     X  »>].    (Afur  Stokta.) 


108  (103)     Two  flogella,  one  traiUng;  mouth  depieasion  oblique. 

EeUronema  Dujardin. 
Representative  spedes.    .  ffeferonMrnnKiMEhTenberg  1840. 


Body  vec  plastic,  (uafoim  when  extended.  Primuy  fiaf[dlum  as 
\aag  as  the  body  and  twice  as  long  as  the  secondary,  trailing  one. 
Nucleus  central;  contractile  vacucde  in  the  anterior  extremity.    Length, 

extended,  50  )>.    Fresh  water. 


X  JOB.    (After  Coob.) 


log  (102)    Body  rigid no 

1 10  (i  1 1)    One  flagellum;  body  flattened,  usually  furrowed  and  keeled. 

PetaloiHonas  Stein. 
Representative  spedes.  .    .  PeialomoHos  pUurosigma  Stokes  1887. 

Body  ovate,  the  posterior  end  pcrinted;  lateral  borders  sgnioid.  Dorsal 
and  ventral  surfaces  eocfa  traversed  by  a  narrow,  lontftudinol  furrow.  Leigth 
15  to  10  H.    Standing  pond  water. 
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III  (no)    Two  flagella,  unequal m 

113(113)    Body  with  ^iral  ridges Tropidoscyphus  Stan. 

113(119)    Body  without  ^liral  ridges. 114 

114  (115)    Trailing  flagellum  very  prominent,  curving  around  the  anterior 

end Anisonemo  Dujardin. 

RepresenUtive  spedes.      .    .    .    Amsonema  acinus  Dujardin  1841. 
Body  wider  posteriorly,  Bittoicd  ventrally;  Botmor  vi- 
bntlle  Ibedlum  short.     Mouth  near  the  hue  o(  tbe  M 


terior  BlgeUum.  Length  i<ii.   AmoiutdUtomi.   GHnmoa. 
The  laiui  IteloKtma  Kleba  rcsemblea  Amatnema  but  i* 


(AIttrCcMm.1  flenble. 


115(114)    TraiUng  fiagellum  not  profDinent 116 

116  (117)    Primaiy  flagellum  carried  obliquely  forward,  vibiatile  only  at  its 
■  end.      Body  ovate    or    angukr  with    dorsal  side  concave. 

(  No  protrusile  pharynx NoUaolenus  Stokes. 

Representative  spedes .    .  Notosolenm  orbicularis  Stokes  1884. 


Body  with  a  broad,  shallow,  dorsal  ooncavlty;  the  ventral  surface  convex- 
Movements  aoniewhat  ecccotrk;  the  coovei  surface  usually  directed  down- 
mid.  Nucleus  to  the  left  of  the  center  of  the  body.  Qmtractile  vacuole 
near  the  anterior  end.    [.ength  to  to  la  «i.    Bottom  of  thallow  pood*. 


Fm.  41].     NtUuelmmiarUeaUrii.     X  looo.    (After  Own.) 

117  (116)    Primary  flagellum  not  carried  obliquely  forward;    pharynx  pro- 
trusile.   A  strong  furrow  on  the  ventral  surface. 

EtttcsipJion  Stein. 
Representative  spedes.  .    .  Enlosiphon  sulcatum  Stein  1878. 

Body  oval,  flattened;  anterior  border  obliqiM;  with  a  concavity  at  the 
bottom  of  which  Is  the  mouth  leadbig  into  a  long  tubular  piuryni. 
Nucleus  posterior.  Contractile  vacuole  interior.  Length  ii  h.  Pond 
water,  amtnig  aquatic  plants. 

Fia.4iS.    SaltriMM  nlcsku.     X  100.    (After  Com. 


118(3)    With  protoplasmic  collais.   .    .      Subclass  ChoanofiagelUtK  .    .     119 
119(131)    Not  forming  colonies. tio 
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lao  (ill)     No  lorica,  with  or  without  a  stalk MonostgaKent. 

Representative  species Monotiga  mala  Kent  1880. 


Body  obovate.  the  broader  end  poHniori  with  m  rigid  pedicel  ocu\f 
equal  to  the  body  ia  length.  Length  o(  body  about  a  fi.  Reported  tqr 
CoDU  from  tbe  lr«h  waters  □(  Connecticut. 

Flo.  417.    Meatiiia  naU.    x  leoo.    (After  Omui.) 


I  (i3o)     With  lorica,  with  or  without  a  stalk. .    .  Salpingoeca  Jamea^laii.. 
Representative  species.   .   .   .    SalpiHgoeca  canvailaria  Sle]nIi^S. 


Lorica  campanulite,  pointed  posteriorly,  slightly  constricted  anteriorly. 
Pedicel  very  dender  and  short.  Zoold  nearly  filling  the  loriou  Length  of 
lorica  15  to  IS  H.    Attached  to  EpUlylit. 

Fio.  41S.    Sal^nttma  umaOaria.     X  Ooo.    (After  Kent.) 


133(119)    Forming  cotonies 133 

133(138)    Without  stalks 134 

134(137)    Cobnies  enclosed  in  a  gelatinous  mass. 135 

135  (136)    Forming  a  flat  colony  in  an  irregular  jelly.    .  Prolerospongia  Kent, 

Representative  species.    .    .    .     Proterospongia  kaeckeli  Kent  1880. 

Zocnds  pyriform,  plastic;  collar  long,  each  zooid  bearing  a  single  Baget- 
lum.  Calany  may  contain  as  many  as  Glty  01  sixty  zocdds,  but  often  not 
more  than  sit  or  eight.  The  gelalinoui  support  very  transparent- 
Length  of  looid  8  «.    Fresh  water. 

Fig.  119.    FnlmiptKiia  kawkdi.     X  iti- 

136  (135)     Colony  disk-shaped  or  arising  from  a  funnel-like,  open  jelly  tube. 

Piatanslerium  Cienkbwsky. 
Representative  species.    .   .     PhalansUrium  digilalum  Stein  1878. 


Zooids  ovate,  |dastic  Ftageilum  two  or  three 
times  the  length  of  the  liody.  Jelly  mass  coarse, 
granular,  digitilorm,  and  often  brandling.  Length 
of  zooid  18  M.     Fresh  water. 

Fm.  410.     Pi^oMiUriam 


ItKlS!)       ' 
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137(134)    Colony  free,  not  enclosed  by  jelly Hirmidium  Veity. 

Representative  spedes Hirmidium  inane  Party  1853, 

As  many  is  eleven  indivldiult  may  be  included  in  the  roloi^.  Un- 
der the  name  Desmarella  irresularii,  Stokes  describes  a  fonn  with  fifty 
Individuals.      Length  ol  body,  repotted  by  Stolies,  S  to  11  o-     Pond 

Fio,  4>i-   fiimUiMi  JHM.    Cokoy  X  i»)  on^  •ookl  X  31J.    (AltaSteb.) 

118  (123)    With  Stalks 119 

139  (130)    Stalk  ^mple;  many  individuals  t>ome  at  the  end  of  the  stalk. 

Codosiga  James^lark. 
Representative  spedes.    .   .   .     Codosiga  botrylis  Ehrenberg  183S. 


Bodies  ovtte:  pedicel  slender,  rigid.  Flsgellum  lon£.  Collar 
equalling  the  body  in  length.  LaigtOofiooid  loto  15^  Attadled 
to  aquatic  plants- 
Sent  reports  that  previous  to  encystment  the  collars  and  flageHa 
of  this  spedes  may  be  withdrawn  into  the  protoplasm  of  the  bodies, 
while  the  Utter  become  coveted  with  ladlating  pseudopodia.  Occa- 
sionally the  pseudopodia  are  produced  while  the  collar  is  still  ex- 
tended.   Spores  Me  fonned  during  encysCment. 


.   Ciitsittietrylii.    x  150,    (After  Eent.) 


130  (139)    Stalk  branched,  with  single  individuab  or  groups  on  the  end  of 

each  branch Codonodadium  Stein. 

Representative  species.  .    Codonodadium  tmbellatum  Tatem  1868. 


Kent  would  refer  this  qiedrs  to  the  genus  Cadaiiia,  in  which 
genus  some  forms  possess  sooids  with  dwTt  pediceb  attached  to  the 
end  of  the  main  stalk. 


Fia.  49}.    Csiviutciadiim  mmMtalHm. 


(After  Coon.) 


131  (i)    Plant  characteristics  evident;  diromatophores  usually  present;  often 
pcodudng  colonies.     .     Class  Phytomastigophora  .    .     131 

133  (aos)    Body  without  a  shell  formed  of  plates;  cbromatophores  yellow, 
brown,  or  green.  .   .   .     Subclass  Phytoflagellata  .   .     133 

133  (164)    Chiomatophores  usually  yellow  or  brown. 

Order  ChryioflageUida  .   .     134 

134  (137)    Body  usually  naked  but  may  be  endosed  in  a  jelly  mass  during 

resting  stages 135 
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13s  (136)    Flagellum  single;  two  chromatopbores.  .  Chromtdina  Cienkowsky. 

CkryiamiHuu  Strin  is  very  closely  relflted  to  thia 

SU*.     Under  the  ntxae  dvyimmmat  fuldira  Stokes 
[3Jbes  a  spedes  as  fallows:   Body  ek>ng>tci>v>te  or 
obovate,  aomewhat  flexible,  three  times  as  long  as 
broad,  tapering  and  slightly  cxHistrided  posteriorly, 
curved  toward  one  side  anteiioriy.    FrDotaf  border  ob- 
_  liaudy  excavate.     Surface  oovocd  with  minute  hemi- 

***••*♦■   '^SS'SES*'^-    "  *"  apkerical  elevatiooa.    Flagellum  acatcely  equaUing  the 
(Altet  btoka.)  ^.^  jj,  i^^h.     Nucleus  ovate.    Contractile  vacoolei 

two,  anterior.   Length 3s  (040^   Colorgreen.   Hard) 

I3<^  (135)     FUgclla,  two;  two  chroma tophores.   .    .    .    Ochromotuu  Wysotzki. 
Representative  species Ochromonas  ^. 

cdes  not  Identified. 

Fio.  41J,    Odnmnimit^     X  leeo.    (AftaCooD.) 

137  (134)     Body  enclosed  by  a  membrane  or  lorica 138 

138  (157)    With  a  membrane 139 

139  (146)    Not  formii^  colonies. 140 

140  (141)    With  a  close-fitting  membtane  of  plates;  Sagellum  single. 

Uailomotuu  Peity. 
Representative  species UaUonuMos  sp. 


FM.4ifi.    J/attHHMi  v.     xjco.    (Alter  Cou.) 


141  (140)    With  a  firm  cuticle;  two  flagella 143 

143  (145)    Without  chromatophores 143 

143  (144)    Body  ov^,  truncate  or  concave  anteriorly,  enclosing  refractive 

bodies Cyauumonas  de  Fromentel. 

Representative  spedes.  .  Cy(iAb>»H»Mu<rMnfaA>deFromentel  1874. 

De  Fromentel  Identified  Ai  or  eight  ipedes,  aeveral  of  which  arc 
but  tUgbtly  distinguished  from  each  other.  Length  11  to  10  ^ 
Frtah  water. 

Fw.  417-    CyVktmoHU  kmau.     X  iioo.    (After  Cou.) 
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4  (143)     Shaped  as  Cyatiumonas,  but  with  pharynx  and  without  refractive 

bodies ChUomonas  Ehrenbcrg. 

Representative  spedes.  .  Ckilomonos  Paramecium  Ehrenberg  1831. 

H  Body  elonnte^val,  aDterkir  margin  with  a  lip-like  projection.      FUgdla 

\]  subequal  in  length.      Endoplasm  usually  enclo^nf  dark-colored  coipuictes. 

Uk  Length  15  1040 ih    Stagnantinfu^oDs;  very  common. 

yW  Fio.  418.    CAiJgiiuiwi  ^roivtiiHii.     X  }jo.     (After  Cona.) 


145  (141)    With  two  brown  or  green  chromatophores:    Shaped  as    Chilo- 

monas Crypiomonas  Ehrenberg. 

Representative  species.     .  Cry^ftwMwuM  ooaia  Ehrenberg  1831. 


146  (139)    Forming  colonies 147 

147  (154)    Individuals  imbedded  in  a  gelatinous  mass 148 

148  (149)    Spherical  colonies;    individuab  usually  with  two  yellow  chroma- 

tophores  and  eye-spot.    Free-swimming.    Flagella  two,  un- 
equal       Uroglena  Ehrenberg. 

Representative  spedes Uroglena  americana  Calkins  t8gi. 


Cdls  very  n 

cdls  roundn], 

each  other  except  by  the  matrix.  . 

Sometimes  found  in '— 

to  have  a  fishy  taste. 


149  (148)    Not  colored rso 

150(151)     Colonies  of  dichotomously  branching  tubes.    .    Cladomonas  Stem. 
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151(150)    Colonies  not  of  branching  tubes 151 

15^  (155)    Colony  in  a  gelatinous  mass;  variable  in  shape,  thread-like,  discoi- 
dal  or  round,  hollow  or  sac-lilie.     Individuals  with  two 

equal  flogella Spongomonas  Stein. 

Representative  species Spottgonumas  dacus  Stein  1878. 


Colony  disciridil,  gebtinoua  inus  granului  looids  subspheroidnl. 
Fligella  two  or  three  times  the  lagth  □(  the  body.  Length  ol 
Eooida  S  iL    Fresh  water. 

FW.4JI.    Sfmitrntuai Ukui.    X  iMh    (After BBttcUL) 


153(152)    Colony  formed  of  jelly-like  tubes,  closely  approximated;  individuals 

as  in  Spongomonas RMpidodendron  Stein. 

Representative  spedes. 

Rkipidodmdron  sphndidum  Stein  1S78. 

Tubules  (onnme  an  erect  brancbm^  colony.  Zooids  ovate  or  elliptl- 
C*l,  usually  in  the  distal  otrcmity  ol  the  tubules.  Flagella  equal,  twice 
•  the  length  of  the  body. 

The  tubes  being  hollow  are  probably  secreted  or  eicreted  from  the 
entire  surfaces,  rather  than  toe  posterior  extremities  oi  the  zooids. 
The  tubes  are  usually  rusty-brown  in  color  and  have  a  granular  appear- 
ance. Sometimes  as  many  as  two  hundred  tubes  are  bound  together 
ID  one  maw. 

Length  of  body  u  ji.     Fresh  water. 


154(147)    Individuals  not  imbedded  in  a  gelatinous  mass 155 


tSS  (>5fi)  Forming  spherical  colonies.  About  fifty  individuals  held  loosely 
together,  each  with  a  delicate  membrane,  often  spiny.  Pla- 
ge^ two,  tmcqual Synura  Ehrenberg. 

Representative  species Synura  metla  Ehienbeig  1833. 


Membranes  pyrilorm,  often  with  posterior  stalk-like  pro- 
jections; surfaces  spiny.  Zooids  nearly  EUing  membranes. 
Color  bands  two,  extending  along  the  lateral  borders.  Length 
of  body  30  w     Pond  water, 

Fn.  433,    Sym»a  null*,    x  tea    (After  Conn.) 
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15!^  (155)    Forming  annulai  cobnies;   individuab  closely  united.     Flagella 

two,  unequal Cyclonexis  Stokes. 

Representative  species.      .    .    .    Cyclonexis  annularis  Stokes  1886. 


From  tec  to  twenty  moids,  not  in  oont&ct  Id  older  colonlo,  leav- 
ing a  central,  circular  space  Zooidi  obovate,  about  twice  as  loos 
as  broad.    Length  of  looid  la  to  15  m.    Marsh  water. 


Fw.  4S4.   Cjdtuaii  m 


CAflaCoon.) 


IS7  ('38)    Withalorica. 158 

■  58(163)    Not  fonning  colonies 159 

159  (163)    Lorica  ses»Ie 160 


160  (161)    Lorica  beakei-shaped;  usually  with  a  peristome  process. 

Epipyxis  Ehrenberg. 
Representative  spedes.    .   .   .  Epipyxis  utrkvlus  Ehrenberg  1838. 


Fio.  4J1.    Eflttti' tt^iatlia-     x6so.    (Alter  SleJD.) 


161  (160)    Lorica  um-shaped Chrysopyxis  Stein. 

Representative  spedes.    .  .   .    Chrysopyxis  waolata  Stokes  1886. 


□  way  attached  to  It 


Fu.4jfi.   CkryHfyiu  iin4tlala.    x  11 
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i6a(iS9)    Lorica  with  a  p«Jicel Dertpyxis  Stores. 

Reiwesentative  species.     .   .  Derepyxis  amorpha  Stokes  1885. 


Lorica  flaak-shapcd.  Pedicel  sbout  ODe-tenlh  u  long  u  the  lorioi. 
ZaaiA  occupying  the  center  of  the  lorica.  mbqiberical,  with  the  front  border 
pointed.  EndopUsn  with  two  grecnish-yellaw  color  bands.  Lengtb  of  lorica 
IS  to  JO  11.    Attached  to  algae- 


.    Dtnfyiii  tmtrfkt. 


163  (158)     Forming  colonies;  loricae  beaker-shaped.    One  primary  and  one 

secondary  flagellum DinobryoH  Ehrenberg. 

Representative  apedes.    .   .  Dinobryon  sertviaria  Ehrenberg  1838. 


Loricae  joined  Co  each  other  without  acfnrate  pedicels; 
the  youngEr  individuals  being  attached  by  their  posteilor  ends 
to  the  inner,  anterior  edges  d(  Ihe  older  loricae.  Zooida  at- 
tached to  the  bottoms  u  the  bncae  by  tnnsiJarenC,  elastic 
ligaments.  Chroniatophorcs  and  eye-spot  present.  Length 
of  lorica  90 11.    Pond  water. 

FM-uS.    Dimtirjam  mmlanm.     X  7J0.    (After  Coaa.) 


1*^4  (133}     Chromatophores  green Order  Chloroflagdlida   .    .     165 

165(168]    Flagella  four;  not  fonmng  cobnies 166 

166  C167)     Body  enclosed  by  a  lorica TetrasdmU  Stokes. 

Representative  species.  .   Tetrasdmis  limnetU  Stokes  1887. 


Lorica  broadly  ovali  lodd  nearly  filling  the  lorica,  green  in  color. 
Plagella  exceeding  tbe  lories  in  length.  An  amylaceous  corpuscle  pos- 
cenorly  located.    Length  ol  lorica  15^    Pond  water. 

Fia.4M.    rMvMWi  fiiMtfii.     X840.    (Aflct  Stoka.) 
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167  (166)    Body  not  endoaed  by  a  lorica Carteria  Diesiiig. 

168  (165)    Flagella  usually  two;  often  fonning  coloues. 169 

169  (180)    Not  fonning  cokmies 170 

170(177)    Body  with  closely  attached  cuticle 171 

171  (173)    Usually  without  chromatophores;  occasionally  a  colored  eye-spot. 

Ellipsoidal,  two  contractile  vacuoles.  .  Polyoma  Ehrenterg. 

RepKsentative  spedes.    ....   Polytoma  uvtUa  EbKaherg  liiS. 


FluelU  two,  equal,  longer  thui  the  body,  both  extendiiig  fotwud 
with  loDi^like  Ociuia  at  theit  bues.  EaaosilMma  usually  gnnukr. 
Length  10  to  30  11.    Animal  maceration*. 


Fra.  440.   tthif—  ttttt*. 


17s  (171)    With  chiomatophores. 173 

173  (t74)    Chromatophores  numerous;  one  flagcllum  trailing. 

TretUottia  Stokes. 

Representative  species Trentonia  jlcgdlalo  Stokes  1886. 

Body  ovate,  the  anterior  border  oblique 


^      tremity  obtusely  pointed. 
'  equal  in  length,  one  ertending  forward, 

often    rapidly    and    ipirall^    vibrating. 
__  _         .   ,     _  Mouth  and  phaiyiui  conspicuoui.     Nu- 

Pn.441.  TmlmUMvlUt.   X400l   lUmSUkm.,     meroui  green  chromacophoreiu     Ungtb 
60  |L    Pond  water. 

174(173)    Chromatophores  few,  sometimes  wanting 175 

175  (176)    Spherical  or  elliptical,  with  one  large  chromatophore.    An  eye- 
spot  present ChlamytUrmonas  Ehrenb^rg. 

Representative  species. 

ChhmydomotuiT  pulnsadus  Ehrenberg  1883. 


.    CUtmjitmtmti  fallummi.     X  laoo.    fMuc  Cooa-l 
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176  (175)    Elongate,  qiindle-shaped;    chromatophores  two,  ribbon-Miaped; 

eye-spot  obscure CUorangium  Stein. 

.       Representative  spedes. 
\  /  Chlorangium  slentorinum  Ehreaberg  1838. 

lA  FlagetU  tenmnal,  subequol.      Atttched  during  tbe  sedeotary  stage  by  a 

^         tbort,  thick  pedicel,  singly  or  In  groupi  up  to  ten  or  twelve  MOidt.    Leogtli 
^9         14  p.    Pond  water,  often  attacbed  to  vanoui  Entomostiaca. 

V  Fia.  44].    CUontitiKm  iCnbniuia.     X  iri-    (Altn  Stein.) 

177  (170)     Cuticle  separated  from  body  mass 178 

178  (179)    Cuticle  smooth Haemolccoccus  Agardh. 

179  (17B)    Cuticle  rough Coccomonas  Stein. 

180  (i6g)    Forming  colonies 181 

181  (186)    Colonies  plate-like  with  flagella  upon  one  face  only 183 

182  (185)     Colonies  in  a  foui-sided   plate  with  envelop  closely  adherent. 

Cells  four  or  sixteen Gonium  MiUler  .    .    183 

183  (184)    Four  cells Gonium  sociate  Dujardin  1838. 

184(163)     Sixteen  cells Gonium  pedoraie  MOilei  jt; 3. 

In  this  species  each  of  the  sixteen  cells  of  tbe  colony  producea  a 
daughter  colony  of  sixteen  cells.  As  the  daughlei  mkmies  develop,  ■ 
secondaiy  ihifting  of  the  cells  takes  place  resulting  tn  individuals  of 
the  adult  colonies  lying  in  one  plane. 

FiQ.  444.    Omium  HclcraU.     X  no.     (Attn  Stein.) 

S  (182)     Colonies  in  a  rounded  plate  with  envelop  swollen,  oval,  or  spherical. 

Slepkanospkaera  Cohn. 

Representative  spedes.    .    .    SupJuinosphaera  plmialis  Cohn  i&S3- 


.„ - 10  a  "  "    ■    ' 

aggregate,   the   units    being  a 


r  amngemenl  of  cells  lo  a  spherical 
I  arranged    in    i 


.  SicfbHiplurs  ptnialii.  A ,  copuli- 
oetes;  B.  spoir  formatioo;  C,  celb  irilh 
lie  pracoKs;  D,  colonr  ol  eiiiht  nils. 
;  B.C.D  X  41s.       lAIIs  HieroDynus.) 


186  (181)    Colonics  spherical,  ellipsoidal,  or  flattened,  with  flagella  not  confined 

to  one  face '87 

187  (190)    Colonies  with  cells  crowded  together. 188 
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8  (189)    Colony  ellipsoidal  or  spherical  with  cells  reaching  toward  the  center. 
Pandorina  Bory  de  Saint  Vincent. 
Representative  spedes. 

Pandorina  morum  Bory  de  Saint  Vincent  1834. 


Cells  sintem  oi  thirty-two;  CDcloacd  withm  s.  definite 
membrane  which  does  not  touch  the  surface  of  the  indi- 
viduals.   Each  cell  bean  two  long  flagellB. 

F10.446.  PaMfgrwiiHniiii   n.coainoilevacunk;  i(,aU|na. 


1S9  (188)    Colony  ellipsoidal  with  sixteen  cells  in  four  rows  around  a  longi- 
tudinal axis.    Each  cell  bears  four  flagella. 

Spondylomorum  Ehrenberg. 
Representative  species. 

Spondylomorwn  quaUmarium  Ehrenberg  1848. 

Repioduc^ ,  _ 

each  mdividual  building  up  1 

Coloaies  often  producM  ii 
Movements  rapid,  rotating  o 
Very  favorable  omditioDS  aie 
may  \x  seen  and  counted. 


190  (187)     Colonies  with  cells  not  crowded  together  and  not  reaching  toward 
the  center 191 


191  (194)    Colonies  spherical,  ellipsoidal,  or  flattened,  with  cells  tuiifonn  in 


193 


19a  (193)     Colony  spherical  or  ellipsoidal;    poles  not  differentiated  by  ar- 
rangement or  size  of  cells.    No  tails  present. 

Eudorina  Ehrenberg. 
Representative  species.    .    .    .     fiwiJoriwa  e/e^ofw  Ehrenberg  1831. 


Cells  lixteea,   thirty-two,  or  uity-four;    arranged  around  the 
peiiplieiy  of  the  jelly  mass  but  not  in  contact  with  each  otbet. 
Each  cell  hears  two  flagdls. 


FlO-  44s.    Eudorina  dtgaiu. 
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193  (193)    Colony  flattened,  borseshoe-shaped,  with  poles  differentiated  by 

arnugement  of  cells.    Tails  at  posterior  end. 

Platydorina  Koloid. 
Representative  ^>ecie3 Platydorina  caudata  Kofoid  1899. 

Colony  slighllv  [viMed  !□  ■  left  tfial.  Cells  siiteai  or 
thirty-two  imbcoded  in  a  truupftrent,  gelatinoui  matrix  and 
■UTTDuaded  by  a  distinct  she&Ih. 

Each  cdl  ata  two  Sagdla,  aa  eye-spot,  a  nudeui,  and  a 

single   dironialoplHire.      Tails,    in   nitcen   cdl    colonies,  are 

three  in  number;    in  thirty-two  cell  cclooies  five  tails  ire 

pnaent.      Movement   by  rotation  on   the  longitudinal  uit. 

'  Length  150;!,    Mankton  oF  rivers  and  lakes. 

Fio.  44S.    PUyJtrima  ctmiala.     X  iSj.    (Altei  KsloU.) 

194  (191)     Colonies  spherical  or  ellipsoidal;  cells  differentiated  as  to  ^ze  and 

function 195 

195  (19S)     No  protoplasmic  processes  connecting  the  cells.     Small  vegetative 

cells  at  the  anterior  pole,  large  gonidial  cells  at  the  posterior 
pole Pleodorina  Shaw  .   .     196 

196  (197)    Cells  sixty-four  or  one  himdred  and  twenty-eight,  about  equally 

divided  between  large  and  small. 

PUodorina  caiifomica  Shaw  1893. 


Colony  spherical,  with  gonldial  cdLi  two  or  three 
times  the  ^ze  of  the  vegetative  cells.  Cells  blBagel- 
lale,  not  In  contact  with  each  other. 

Reproduction  asexual,  by  gonidinl  cells,  in  this  Mid 
Other  species  of  the  genus, 

Fouiid  in  ponds,  ditches,  and  atreanis. 

Fu.  4SB.    FUaiarima  aliftnitca.     X  Seo.     (AiKf  Sbaw.) 


197  (196)    Cells  thirty-two,  rarely  sixteen  or  sixty-four.    Vegetative  cells, 
four  in  number.    .    .     PUodorina  iUitioisetuis  Kofoid  189S. 

Colony  clIipsoidBl  with  cells  arranged  in  Sve  circles; 
the  polu  circles  with  four  cells  eadi.  the  other  three 
circles  with  eight  cells  each.     The  gelatinous  sbeath 


^dosing  the  colony 
Gonidu'       " 


Gonidtal  cells  much  larger  than  vegetative  cells,  the 
Utter  always  directed  fonnrd  during  Dravemcnt. 

Each  cell  with  two  flagella,  an  eye-spot,  a  nucleus, 
and  a  single  chnHnatopbore. 

Average  length  113/1.    Plankton  of  rivers. 

F10.4 
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19S  (195)  Protoplasmic  processes  connecting  celb  usually  distinct.  Poles 
of  colony  not  difierentiated  by  arrangement  <rf  vegetative 
and  gotudial  cells Vohox  L^weoboek  .   .     199 

199  (304)    Colonies  with  distinct  protoplasmic  processes   connecting   the 


aoo  (303)    Protoplasmic  processes  very  stout 101 

301  (301)    Colonies  dioecious Vohox  per^obator  Powets  1908. 


G>loa<es  oFten  exceeding  1  mm.  in  diuneier.  Ova  at 
ooipernu  not  intrequeally  nuniberiag  wveral  huDdred  In  a 
colony.    Very  common  in  the  United  States. 

FlQ.fji.    Vthix  rtrfiiAalBr.   Colony  with  ci|hl  dau^Ier  cooubil. 

CiLiA  tod  protoplumic  pmcctta  not  ihowa.      X  50.     [From  a 


30a  (aoi)    Colonies  monoecious fo/tioz^Io&ator  Leeuwenhoek  1788. 

The  comraoa  European  speciei.  About  one-hal(  the  size  of  the  preceding  ipecies,  and  oon- 
tainlog  fewet  reproductive  cdli.  This  q>eciea  probably  ocaua  in  the  United  Statet  but.  if  10, 
in  much  le«  abundance  than  VtUex  pertlebaier. 

303  (300)    Protoplasmic  processes  slender.  .     Vohox  aureus  Ehrenberg  1S3S. 
A  typical  European  ipeciea  but  probably  occurring  in  the  United  States  alio.    Diameter 

about  850  o- 

304  (199}     Colonies  apparently  without  protoplasmic  processes  connecting 

the  ceils Vohox  spermalosphara  Powers  1908. 


of  31,  grouped  in  venn  ipbeces  in  the  coiooKa     Mature 
colonies  often  exceed   Aoo  ^   in  diameter.      Widely  div 

tributed  in  tbe  United  States. 


Vaht*  ipirmalHtkara.    Colony  with  two  daufbtat 

'i.Bvs  egf  cell*  and  ana  iphete   o(  tpeim  bundlca. 

X  lo.   [From  a  ipedincD.) 


Fio.  tsf-  Vai 
CDcnobla.  fiv 
Xlo.    [Froi 


205  (133)     Usually  with  an  outer  membrane  or  shell  in  the  form  of  [dates; 
body  usually  furrowed;  flagella  two.    Usually  colored. 

Subclass  Dlnaflflgellida  .   .    306 

306  (309)    Without  a  membrane  arotmd  the  body. 307 

307  (308)    Cross  furrow  extending  only  around  the  left  side;  a  longitudiaal 

furrow  extending  from  the  central  end  of  the  cross  furrow  to 
the  under  part  of  the  body. Hemidinium  Stein. 
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loS  (207)    Cross  furrow  extending  entirely  around  the  body;  often  fattened. 

Gymnodinium  Stein. 
R^resentative  spedes.     .   Gymnodinium  fusaan  EhicDhetg  tSiS. 


eye-apot  lepocted  by  Pcr^.    Length  te  to  80  >i.    Fresh  n 

Fu.  4S4.    GymmtiimamliaiMm.     x  S'l-    <Aila  Blochmi 


ao9  (ao6)    With  a  membrane  around  the  body 310 

aio(3ii)    Membrane  delicate,  homogeneotis;  body  without  processes,  often 

flattened Gknodinium  Ehrenberg. 

Representative  species. 

Glenodinium  pulvisculus  Ehrenberg  1838. 

FI0.45S.    ClnHJnJHi  fuMimliu.     xjoo     (Aitet  Stab.) 


311(310)    Membrane  of  distinct  pjatea aia 

313  (313)     Plates  without  hom-like  processes,  polygonal,  31  in  number. 

Peridinium  Ehrenberg. 

t     Representative  species. 
Peridinium  tabulatum  Ehrenberg  1838. 


Body  ovate,  with  convex  doraal  and  concave  ventiHl  surface.  Plates 
abowing  1  delicate  reticulate  structuie  under  high  nuEnification.  Color 
yellow,  green,  or  brown.    Length  45  to  60 11.    Frob  water. 


Fra.  4J6,    Plridimiirm  laiulalum.     X  ]».    (Alter  Stek.) 

313(311)    Plates  with  long,  hom-like  processes Cerotium  Schrank. 

Representative  species.    .   .   .  Ceratium  hitundineUa  MUllcr  1786. 
Body   somewhat   quadrilateral,  the  anterior  aegment 
bearing  two  nearly  ttraight  pKXXtata  and  the  posteriot 
Mgment  a  angle  ihort  one.     Ccdor   brown   or  gretn. 
Loigth  go  to  i;oii.    Freih  water. 

Fm.  457.    Ctra^MM  kimUa^a.     Xns.    (Alta  Stete.) 
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INFUSORIA 

I  (308}    Cilia  present  during  all  stages  of  existence.   .   .   Class  OUMa 

3  (137)    Body  usually  uniformly  covered  with  cilia 

3  (104)     Cilia  ^milar  or  slightly  lengthened  about  the  mouth;  no  adond 


.   Order  Halotricha 

4  (59)    Wthout  an  undulating  membrane  about  the  mouth.    Mouth 

except  when  taking  food.      Suborder  Gymiiostoinlna 

5  (6)     With  a  shell  of  numerous  plates  arranged  in  zones  around  the 

Cilia  projecting  between  the  plates.    .    .    .    CoUps  Nil 
Representative  species Coleps  kirtus  Ebrenbeig 


spiral 


body, 
itzsdi. 


Ovite,  pernstcDt  in  Btiapc.  Mouth  tenniiu],  bordered  by  tootb-like 
proCESBEs.  BOd  nUTDundeil  by  dlia  luger  than  those  oi  the  generd 
Burf  &oe.    Foeterior  border  uiiuUy  beuiog  iiiiDei.    Length  to  11.    Pond 

water  uid  old  inf  tuioiu. 

Fm.  4]g.    CsUfi  JkMu.     X  ija.    (AClet  Coon.) 


6  (5)    Without  a  sheU 7 

7  (11)    With  tentacle-like  processes  in  addition  to  the  dlia 8 

8  (9)    Tentacle  pioraas  single Ileonema  Stokes. 

Representative  spedes Ileonema  ditpar  Stokes  18S5. 


Body  Bask-ihi[ied,  fleiiblei  Battened  ventraUy,  convei  dorsally,  the 
latter  surface  bearing  a  iDv  of  short,  hair-like  setu.  Ttntacle-Uke  pn>c- 
esa  tliidt  at  the  base,  twisted,  with  a  filanentous  distal- half.  Nudeua 
Bubcentral;  contractile  vacuole  posterior.    Length  110  fi.    Among  algae. 

Fio.  459.    /IwMM  iU/tr.     X  iSj.    {Ailet  Stakes.) 


,<)  (8)    Tentacle  processes  more  than  one 10 

JO  (11)     Tentacles  very  long  and  numerous,  extending  between  the  dlia. 

Actinabolus  Stein. 
Representative  spedes Actinobolus  radians  StanifAj. 


Body  ovate  or  aubgloboae,  the  anterior  extremity  pro- 
duced as  a  mout-Hke  projection  whidi  amies  the  mouth 
and  bean  the  retractile  tentacles  and  dlia.  NudEUl 
bud-like;  contractile  vacucde  large. 


Fio.  4£o.     ^dlufWai  radiani.    FI 
with^DHMth  dowawud.     Di '■ 
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II  (lo)    Tentacles  short,  few  in  number,  extending  from  about  the  mouth. 

Uesodinium  Stein. 
Representative  spedes. 

Mtsodinium  pvlex  Gfl|>arUe  and  Tjchmann  i8j8. 

Body  turbfnat^  conical,  uid  upering  ulteriorly.    A  wrcatli  ol  sUong  dliaon 

omamctkiD  bilfwsy  between  the  middle  oi  the  body  and  the  bue  of  the 

^»>i|iv^^    viout-like  probosd^     According  to  CUpu^de  and  Lachnunn  three  long  stylatc 

r'l  \Vv%    procena  extend  in  (ront  ol  the  mouth.    Length  is  it.     Habitat,  reixcted  by 

1    Claperide  and  '■■*■"'"",  salt  water. 


Fu.  461.    Maadmimm  faltx.     X  Bio.    (Alter  Kant.) 

13(7)    Without  tentade-like  processes 13 

13  (34)    Body  round,  or  ovate,  or  elongate  in  outline,  symmetrical.      .    .     14 

14  (15)    Cilia  of  body  confined  to  two  (rarely  one)  many-rowed  crowns  or 

circles.    Body  thimble-shaped,  with  broad  end  forward,  from 
the  flattened  center  of  which  rises  an  elevation  bearing  the 

mouth  at  the  apes Didinium  Stein. 

Representative  qtecies Didinium  natutum  MUller  17S6. 

Body  oval,  broadly  rounded  posteriorly.  One  wreath  ol  dlia  near  the 
base  of  the  raoboaas.  the  other  postenor  to  the  middle  of  the  body. 
Nudeus  band-lilcc  Contractile  vacuole  posterior.  Length  loo  to  175  ^ 
Among  decaying  vegetation. 

Pio.  4^1.   DiUmtnuHnXw.   ii.notnctik  vacuok.    X  gj.    (Alter  Bloduaano.) 


15(14)  Cilia  not  limited  to  two  crowns  or  circles i6 

16  (»7)  With  pharynx  absent  or  slightly  developed 17 

17(11)  Anterior  end  roimded,  not  obUque i8 

18  (31)  Without  a  terminal  bristle 19 

19  (30)    EUipsoidal  to  ovate,  rounded  at  both  ends.     Mouth  anterior,  leading 

into  a  short  pharynx.     Uniform  dliation. 

Bolopkrya  Ehrenberg. 
Representative  species Holophrya  sp. 

Spedea  not  determined. 

Fio.  46J.    Bthpiry*  ^i.     X  300.    (Alter  Coon.) 


o  (19)  Elongated,  cylindrical,  narrow  in  front,  mouth  teiminal  or  subter- 
minal.  No  pharynx.  Cilia  longer  at  the  anterior  end. 
Nucleus  divided  into  small  pieces.  .   .  Chaenia  Quennerstedt. 

Representative  spedes Ckaenia  teres  Dajardm  li^i. 

Fornu  observed  from  the  Ireah  waters  of  Coanecticat  an 
provi3ionatly  placed  here. 

Fia.464.   CiatmtHm.    Xiso.    (Altai  Cmu.) 
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31  (18)    With  a  terroinal  bristle.    Similar  to  Hohpkrya  in  diape. 

Urolriclia  OaparMe  and  Ladunann. 
Representative  qtedes. 

Vrolricha  farcta  Clapaiide  and  Lachmann  1858. 

^l^_^  Body  oblkjudy  stiistedi  posterior  bristle  obliquely  ditected 

jCi5?V  whoi  tt  rest.     PrugtcsBkOD  by  slow  forward  movcfnent  ck*  sud- 

.^.^CTMeBJ        den  leaps  to  one  side.     MouUi  on  >  small  djculu  prominence 

^ff^ElE^jf         Bt  til*  Ulterior  end.     Length  30  h.     Fond  nater.     BaloKleiimt 
%^£^ir         of  Sttdiea  iKrees  with  this  geaui  except  that  only  tbe  interior 
two-thirds  is  ciliated. 

Fio.  461.    Vnlridujarela.     X  41S-    (Afta  Coon.) 

33  (17)    Anterior  end  oblique 33 

33  (34)    With  a  spiral  series  of  long  dlia  on  either  side  of  a  ridge  eitending 
from  the  anterior  border  to  the  posterior  extremity. 

PerUpira  Stein. 

Representative  species Perispira  slrephosoma  Stokes  1886. 

Body  ekmnte-ovatc  Cilia  of  the  geoeral  suilace  very  fine. 
Protoplasni  filled  with  darl^-colored  corpusdea.  Length  80  ■• 
Standing  water  with  sphagnum. 

no.  46e.    Ftriifin  Otflni^wu.     X  iSa    (Aflet  StokB.) 

24  {33)    Without  a  ^iral  series  of  dlia 35 

35  (36)     Elongated,  with  mouth  slightly  on  one  side;  uniform  dliation.    Nu- 

cleus single Enchdys  Hill. 

Representative  spedes Enchdys  pupa  Ehrenberg  1836. 

Body  inflated,  slender  anteriorly.     Often  colored  green. 
Length  about  300  »■    Stagnant  watei. 

Fm.  467.    EMJWyi  tuf-     X  150.    (AflH  Coon.) 

36  (35)    Elongate,  sac-like,  mouth -occupying  the  oblique  surface.    Pharynx 

slightly  developed,  sometimes  with  rods.    Nudeus  be- 
like  5^irttd»«tm  Dujardin. 

Representative  spedes.    .    .    .      Spalkidiunt  spatkuia  Dujardin  1841. 
Very  difficult  to  distinguish  from  iama  o(  tbe  genua 

Fia,  468-    SflkUiim  ifilloJ«.     X  >50.    (After  Cgno.) 

37  (16)  Vfith  pharynx  well  developed 38 

aS  (33)  Body  greatly  elongated 39 

39  (33)  Body  flattened 30 

30  (31)  Flask-shaped  with  an  elongated  neck-like  anterior  end.     Probosds 

short,    retractile.     Mouth    terminal    leading    into  a    long 
phaiynx.    .    ,    .    TrackelophyUum  ClaparMe  and  Lachmann. 
Representative  species.  .     TrackelophyUum  tachyUastum  Stokes  1884. 
Body  eight  or  ten  times  as  long  as  broad;  neck  slender; 
pharyngeal  passage  indistinct,  narrow,  longitudinally  stri- 
ate.    Cilia  of  surface  long,   vibrating  independently. 
Nuclei  two,  subcentraL     Contractile  vacuole  posterior. 
Length.citendcd,  mtoiSDih   Bottom  of  shaUow  pool*. 
Fia.4B9.  Tra^dttkilivm  lackyUutam.  a,  antnctih  vscwlcj 
titen,  munnudeiu.    x  ijo.    (Alter  Stokes.) 


,db,Googlc 


-    FRESH-WATER  BIOLOGY 

Long,  ribbon-like;  no  proboscis.  Mouth  tenaiaal  with  an  evident 
pharynx.  Nucleus  in  the  posterior  third  of  the  body  and  a 
TOW  of  minute  vacuoles  near  one  side,  .  FUxiphyUum  Conn. 

Repiesentative  spedes Flexiphyllum  elongatum  Conn  1905. 

F10.4M-  PUaiUnUiHiiatnalttm.    X IM.    (Alter 


3  (39)  Body  not  flattened ;  with  a  long,  highly  contractile  neck;  a  plug- 
like projection  carrying  the  terminal  mouth  which  is  sur- 
rounded by  a  crown  of  long  cilia.     Body  longitudinally  or 

spirally  striated Lacrymarto  Ehrenberg. 

Representative  spedes Laaymaria  olor  M\i]lei  l^S6. 

A  comnuKi  spcQcs  found  in  pond  water,  Ita 
swan-like  appearance  was  suggeited  to  the  early 
observers  by  its  giaceful  movements,  as  it  swims 
about  extending  its  neck  tiere  and  there  in  aeaich  a( 
food.    Length,  neck  nmtracted,  jo  to  70  ». 


33  (38)     Body  not  elongated,  spherical  to  ovate;  anterior  end  not  oblique. 

Mouth  terminal  or  subterminal,  pharynx  usually  with  rods. 

Nucleus  ovate  to  ribbon-like.     .    .    .     Prorodon  Ehrenberg, 

Representative  spedes Prorodon  omtm  Ehrenberg  1833. 

Body  oval,  evenly  rounded  at  both  ends;  mouth  eccentric  craeD- 
ing  into  a  coniaU  pharynx  which  leads  far  into  the  body.  Rods  at 
pharynx  conspicuous.  Cilia  ol  posterior  border  longer.  Nucleus 
mherical.  central.  Contractile  vacuole  posterior.  Length  115  11. 
[■oocl  water, 

Flo.  47>,    Prtfeien  fmm.    ct,  conttiictile  vscuolc:  •■«■,  maoo- 


34  (13)  Body  asymmetrical  with  dorsal  side  arched 35 

35  (4S)  Mouth  subterminal  or  terminal,  body  greatly  dongated.     ...  36 

36  (43)  Mouth  usually  open,  pharynx  often  rod-like 37 

37  (42)  Mouth  subterminal 38 

38  {39)    Anterior  end  hook-like,  bent  to  the  left;  dongated,  flattened,  leaf- 

like. Ventral  surface  flat  with  ciliated  ribs;  dorsal  surface 
curved,  without  dlia.  Mouth  on  the  left  anterior  edge,  lead- 
ing into  a  pharynx Loxodes  Ehrenbetg. 

Representative  spedes iorodM  ros/rum  MtUler  1786. 

llie  body  of  this  spedes  is  highly  vesicular.  Nuclei 
may  be  two  or  more.  Wizesiiowski  has  demonstrated  a 
racemose  system  of  nuclei.  Length  150  to  40011.  At  the 
bottom  of  old  infusions. 

Fro.  4M.    Lamia  minim.     X  iso.     (AHa  Cooo.) 

39  (38)    Anterior  end  not  hook-like 40 
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40(41)    Body  not  elongated;    spherical  to  ovate,  slightly  flexible;   a  short 
proboscb  at  the  base  of  which  is  the  mouth.     Pharynx 

with  rods Trachelius  Schrank. 

Representative  species Trachelius  ovum  Ehienberg  1838. 

Neck  tiigbly  Rcrible.  Mouth  circular;  phuyni  with  rod*. 
Nucleus  cenlnl;  contr&Ctile  vacualea  numerous.  Endoplum 
■t  the  inner  end  of  the  pharynx  UHuUly  spreads  out  into  lour 
or  five  broadly  diverging  tamifications.    Length  300  «.    Frtah 


^H^ 


Flo.  4T4-    Trackdim  mm.    x  Sj.    (Afts-  Bkxlimaao.) 


41  (40)    Body  greatly  elongated,  band-like,  very  flexible;  proboscis  long  with 
mouth  at  the  base  and  a  low  of  long  cilia  along  its  ventral 

side DiUptus  Dujardin. 

Representative  species.   Z7i/ep(iu^*|iuClaparMe  and  Lachmann  1858. 

Body  aomeHhat  compresaed.  often  with  a  pointed, 
tail-like  prolongation.  A  prominent  shoulder  or 
hump  ofteo  indicates  the  pomtioa  of  the  mouth. 
Nucleus  monillform,  very  long.  Contractile  vacuoles 
numerous  in  a  dorsal  row.  Trichocysts  on  the  ven- 
tral surface  of  the  neck.     Length  500  to  Soo  11.     Pond 

FiO.  47].    DiUftiu  ^tat-     X  no.    (Alter  Conn.) 

43  (37)    Mouth  terminal;   body  elongated  with  a  long  proboscis.    Nucleus 

double Lionotopiis  Conn. 

Representative  spedes LionotopHs  anser  Cona  ii;^^^. 

Fig.  4j6.    Liauiapiii  anar.     X  ijs.     (After  Codd.1 

43  (36)     Mouth  usually  closed;  pharynx  when  present,  without  rods.  ,    .     44 

44(45)    With  a  broad  hyaline  border;  body  flattened;  proboscis  short,  mouth 

on  the  left  side.    Trichocysts  well  developed  on  the  right 

side Loxophyllum  Dujardin. 

Representative  spedes. Loxophyllum  roslratum  Coha  1S66. 

Anterior  extremity  prolonged  into  a  dorsally  re- 
flected, undnate  rostrum.  Cilia  of  anterior  region 
longer.  Middle  of  the  dorsal  border  crenulate,  the  raw 
of  trichocysts  extending  Irom  this  region  forward 
nearly  to  the  tip  of  the  rostrum.  Nuclei  mulciple, 
B^  ,      ^,  „  central:   a  number  of  contractile  vesicles  posterior. 

*"■         ({^STw^*^    ""*■    L^Wth  '00  "-      R™rded   by  Conn  Irom  the  fresh 
'*^'-**^*  water,  of  Connecticut. 

4S  (44)    Without  a  broad  hyaline  border. 46 

a6  (47)    Body  flattened,  elongated  with  an  acute  proboscis  at  the  base  of 
which  is  the  mouth.    Nudeua  ^^e  or  double. 

Amphileplus  Ehrenberg. 

Representative  spedes Amphileplus  guUa  Cohn  1866. 

_  Mouth  about  one-third  the  length  of  the  bodv  from  the 
anterior  end.  Pharytu  a  abort  smooth  tube.  Cilia  even  all 
over  the  body.  Nucleus-like  corpuscles  scattered  throughout 
the  cortical  region.  Contractile  vacuole  sngle,  posterior, 
[.cogth  195  lb  Reported  by  Conn  from  Connecticut.  Cotm 
reports  the  spedes  from  salt  water, 

Fia.47S.    AmtkatpHa  lalla.     xui-    (Alter  Coon,) 
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47  (46)  Body  flattened  ventrally,  convex  doraally.  With  a  long  neck  and 
usually  a  tail-like  prolongation  both  of  which  are  hyaline. 
Mouth  a  slit  at  the  base  of  the  neck,  often  invisible.  Nuclei 
usually  two;  contractile  vacuole  posterior. 

Lionotus  Wrzesniowaki. 
Representative  species Lionotus  vnesnuneskii  Kent  18S1. 


vioule.     X  lis.    (Aflei  Keau) 

48  {35)     Mouth  usually  somewhat  posterfer,  and  oft«i  with  a  pharynx;  body 

oval  or  kidney-shaped 49 

49  (so)    Body  completely  ciliated,  cylindrical  to  ovate,  rounded  posteriorly. 

Mouth  about  one-third  of  the  way  from  the  anterior  end; 

pharynx  with  rods Nassvla  Ehrenberg. 

Representative  species Nasnda  omata  Ehrenberg  1838. 

Usually  some  ifaadc  of  ted  or  brown  in  color.  Nucleus 
lusc,  qibcrica],  posterjoily  locsted.  Contnctile  vacuole 
•iiogle.    Length  loo  m.    AmoDj  al^K. 

Fla.4So.      Nanmlaarmla.    Id  act  on«diii(.      X  3>].    (After 


50(49)    Body  not  completely  ciliated;  cilia  ventral  only 51 

SI  (s6)    Body  flattened S^ 

51  Css)     Mouth  in  the  anterior  half  of  the  body S3 

53  (54)    Body  with  convex  dorsal  and  flattened  or  slightly  concave  ventra! 

surface.    Pharynx  with  rods Chilodon  Ehrenberg. 

Representative  species CkUodon  cucuOuJus  Mliliei  17S6. 

The  lip-t>ke  extension  prominent,  a  groove  leading  from  it  to  the 
mouth.  Nucleus  oval  near  the  inner  end  of  the  phaTynt  Conttactile 
vacuotea  numeroua.    Length  iij  to  looji.    Stagoant  water  and  among 


Fio.  4S1.    CMUm  w-lliilw.    n,  cootncdlc 

S4  (53)     Body  with  ridges  on  dorsal  and  ventral  surfaces,  crenate  in  cross 

section,  pharynx  with  rods ChUodonopsis  Conn. 

Representative  species. Chilodonopiis  crenula  Caaa  \^i. 


Fm.  4S1.    CikiIiiiliMi>>sli  fT 


SS  (53)    Mouth  in  the  posterior  half  of  the  body OpisthodoM  Stein. 

56(51)    Body  not  flattened. 57 
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57  (58)    Body  purse-shaped Phascoledott  Stein. 

58  (57)    Body  ovate  or  neariy  spherical  in  outline  with  a  slight  lip  at  the 

anterior  end.    Mouth  at  the  base  of  the  lip  with  no  evident 

pharynx.     Cilia  ventral  in  six  rows.  .    .    .  Hexotricha  Conn. 

Representative  spedes EexotrUha  gfobosa  Conn  1905. 


59  (4)    Usually  with  an  undulating  membrane  or  membranes  about  the  mouth. 

Mouth  always  open.  .   .   .  Suborder  TildiiMrtoaiiiui  .   .    60 

60  (87)    Peristome  usually  absent;  with  or  without  undulating  membranes.    61 

6r  (70)    Without  an  undulating  membrane;  pharynx  present 61  ' 

63  (65)  One  or  two  broad  zones  of  strong  diia  about  the  body;  with  a  tail- 
like  tuft  of  dlia 63 

63  (64)  Two  broad  zones  of  strong  Hlia  about  the  body.  Body  cyUndrical, 
with  mouth  posterior  leading  into  a  short  pharynx.  An- 
terior part  of  the  body  umformly  ciliated.  A  band  of 
strong  dlia  near  the  middle  and  posterior  end. 

UriMxntrum  Nttzach. 
Representative  spedes Urocenlntm  iitrbo  MUller  1786. 


Body  broadly  rounded  ulteriorly,  rounded  or  truncate  posteriorly. 
Movemoit  by  a  rotation  od  the  loog  axis  ot  iwiftty  darting  from  side 
to  side.  ContncUie  vacuole  posterior  with  the  band-like  nucleus 
curved  atxiut  it.    Length  100  h.    Pond  water. 


With  an  oblique  drde  of  strong  dlia  near  the  anterior  end.  Body 
somewhat  pyrifonti,  rigid,  finely  dilated.  Two  groove-like 
canals  endrcling  the  body.  Mouth  ventral,  posterior  to 
the  grooves  and  leading  into  a  short  pharynx. 

Caktdlus  Diesing. 

Representative  spedes.  .    .  Calceolus  cypHptdium  James-Clark  1866. 


IS eyt^Hdinm.  a.to 
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65  (63)     No  zones  of  strong  alia,  about  the  body 66 

6(1  (67)    Mouth  covering  &e  whole  obUque  anterior  end.    Body  usually  oval 

OT  purse-shaped Leucophrys  Ehrenbcrg. 

Representative  species.   ....    Leucophrys  palula  Ehrenberg  1838. 

Body  ovkl;  pharyiu  tubuki.  curved.  Nucleus  band- 
like, centtaL  Contmctiie  vacuole  poiterioc.  Len^tb  100  ■• 
Among  algae. 

Fu.  4S6.    Ltacetkryi  talula.     X  ijo.    (Alter  Kent.) 

67  (66)     Mouth  at  some  distance  from  the  anterior  end 68 

68  (69)     Body  ellipsoidal,  ciliadon  regular,  mouth  a  crescent-shaped  or  spiral 
^t  leading  into  a  pharynx.     ,    .    .   OpkryogUna  Ehrenbcrg. 

Representative  species Opkryoglena  atra  Ehrenberg  1838. 


a  ^H^w 


Body  with  posterioi  extremity  poioted.  Endoplasm  tuuolly 
iHiaque,  with  a  daik  blue  pigment  spot  in' the  anterior  re^oo* 
Nudeu>  round,  poaterior;  contractile  vacuole  central.  Lcogth  115 
to  150^    StisnoDt  water. 

Fio.  4S1.    OfjIrjwilMa  oM.    <*,  cnaHartllt  'vacude ;  macm.  munnudeui. 


Body  laterally  compressed,  ovate,  with  the  dorsal  surface  rounded. 
Mouth  one-third  of  the  cUstance  from  the  anterior  end,  with 
a  few,  long,  fine  cilia  on  its  superior  wall  or  roof. 

Cdpoda  MiUler. 

Representative  species. Cdpoda  campyla  Stokes  1886. 

Standing  water  with  dead 

Fio.  4SS.    Ctlttit  etmfjit.    X  600.    [Alter  Cooa.) 

70(61)     With  one  or  more  undulathig  membranes 71 

71(76)     One  membrane  present. 7a 

73  (75)     Mouth  not  terminal 73 

73  (74)     Body  not  flexible-,   mouth  lateral,  triangular,  following  a  small  peri- 
stome and  with  an  undulating  membrane  in  front.    Body 
similar  to  Colpoda,  but  less  compressed.    .  Colpidium  Stein. 
Representative  species Colpidium  striatum  Stokes  1886. 

Body  twice  u  long  u  brood,  striated  longitudinally ,  an- 
terior extremity  curved  ventrally.  Nudeui  subcentral; 
contractile  vacuole  piwterior,  often  leaving  several  small 
vacuoles  after  conttactioiu    Length  jo  >■.    lofusioni. 

Fkl  4S9     CvlHdWm  ikiaHm.     X  soo.    (After  Edowadwa.) 
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74  (73)    Body  veiy  flexible  and  changeable  in  shape.    Ovate,  covered  with 

fine  cilia,  with  a  long  bristle  extending  from  the  posterior 
border.     Mouth  ventral  with  a  vibratile  and  retractile  hood* 

like  velum SaprophUus  Stores. 

Representative  ^>ecies Saprophilus  ogiUUus  Stokes  1887. 

_^,^,,„_  Body  twice  as  long  u  brmd.  compi«sed.  obliquely  trunca.te  in  front; 

^*v#^^g^!*l^      dlis  v«y  short  ntd  fine.     Body  bngitudinaUy  striate.    NudeuB  nib- 
fCi'  1^    'i-vi^     central.     Contractile  vacuole  posterior.     Lengtb  of  boily  JS  to  45  ti. 

Fm.  490-    SttritkOiu  adIMu.  '  X  390.    (After  Sloka.) 

75  (72)    Mouth  terminal  with  a  delicate  membrane.     Body  ovate,  elastic; 

anterior  extronity  obliquely  truncate.  .    .   Trickada  MoUer. 
R^resentative  q)ecie3 Trichoda  pura  Ehrenberg  1838. 


Fio.  491.    Tridiada  pan.    macn,  DuciDDwlnu.    X  400.    [AftM  Cent.) 

76  (71)    Two  membranes  present 77 

77  (78)     Body  elongated,  rounded  in  front,  contracting  into  a  tail  behind. 

One  side  somewhat  flattened,  the  other  convex.    Mouth 

triangular,  near  the  anterior  end DaHasia  Stokes. 

Representative  Species Aiiltuta /rtmJota  Stokes  1S&6. 

Body  five  times  as  long  ai  broad,  ventral 
Riiiace  convex,  doisal  slightly  concave:  taper- 
ing posteriorly  to  a  retractile  tail-like  prolonga- 
tion.  Anterior  extremity  narrow.  Month 
obtiqodyiilaced  on  the  ventral  surface.  Length 
15a  w.  Still  water,  with  aquatic  plant*. 
Fio.4ps.  DalUsU{rniltlt.  x  U5.   {After  Coon.) 

78  (77)    Body  not  contracting  into  a  tail 79 

79  (84)    With  a  long,  posterior  bristle 80 

80  (83)     Without  a  spiral  row  of  long  cilia 81 

81  (82)    Body  ovate,  sli^tly  compressed,  broader  behind;  ventral  surface 

straight,  dorsal  surface  curved.  Mouth  near  or  anterior 
to  the  middle,  with  an  extensile  membrane.  Cilia  densely 
arranged  in  a  furrow  in  front  of  the  mouth. 

Uronema  Dujardin. 
Representative  species E/rnncma  maWnum  Dujardin  1841. 

re  eiceedingly  vibratile,  thdr  movenients  being  ir- 
regular and  independent.  Nucleus  central.  Contractile  vacu- 
_i !__     Len^3o„.    Fresh  water,  of  ten  associated  with 

■w.     X400.    {AltftScoL) 
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3  (8i)    Body  elongate,  nearly  cylindrical,  the  anterior  extremity  truncate 

and  slightly  curved;  a  short,  curved  seta  borne  on  either 
^de  near  the  anterior  end.  A  long,  straight  bristle  extend- 
ing from  the  posterior  end Loxouphalus  Kent. 

^resentAtive  species Loxocepkaiuj  granuiosus  Kent  1SS2. 

Endoplasn  gnnuUr,  mouth  on  tbc  oblique  anterior  bor- 
der although  quite  indininct.     Nudeui  apherical,  centra]. 
{/O- A''   '-'^        Contractile  vacuole  poalenor.     Length  40  to  ;o  (i.     Often 
K^  '^.*T :  -i  .Jjiy        abunduit  unopg  decaying  vegetable  matter.     Conjugatioa 
"^WiSjAnnW^  readily  occura  in  lofiuions. 

Fro.  494.   iMttitktlm  yiBltnu.   X  its.   (Alter  EdnoDdnB.) 

83  (80}    Like  Uronema,  but  with  an  anterior,  spiral  row  of  long  cilia. 

Dexiotricha  Stokes. 

Representative  species Dexiotricha  plagia  Stokes  1885, 

Body  about  three  timei  at  long  as  broad,  bearing  minute 
bemiq^rical  prctuberances.  Cilia  aetae-likei  a  row  ol  flexible 
~  '  le  extending  from  the  mucin  of  the  mouth  obliqudy  atron 
ine  right-hand  side  of  the  anterior  half  of  the  body.  Nudeus 
subcentral;  contractile  vacuole  posterior.     Length  60^      Pond 

Ro.  49;.    Dttialndia  fUiia.     X  jij.    (Alter  Slokea.) 

84  (79)     Without  a  posterior  bristle 85 

85  (86)    Ellipsoidal  to  elongate,  somewhat  acute  behind.     Mouth  lateral, 

surrounded  by  a  furrow  which  extends  backward.     Pharynx 

short  with  rods Fronlonia  Ebrenberg. 

Representative  species Frtmtonia  leucas  Ehrenberg  1838. 


anteriorly.    Mouth  a  slit  anterior  to  the 

middle  of  the  body.  Cilia  fine,  in  longitudinal  rows.  Contractile 
vacuoles,  usually  tvo.  Tricbocysts  numerous.  Length  ijo  to  300 11. 
Stagnant  water. 

Fki.  496.    PmlnU  Iwcci.     c,  cuul 


6  (85)     Ovate,  flattened,  rounded  at  each  end.    Mouth  triangular  or  crescent- 
^laped,  lateral,  in  front  of  the  middle  of  the  body. 

Glaucoma  Ehrenberg. 
Representative  spedes.    .    .    .    Glaucoma  scitUiUans  Ehrenberg  1830. 


The  vibratile  membranes  ertending  around  the  mouth  pce- 
sentiog  a  bilabial  apt>earance.  Nucleus  large,  central.  Con- 
tractile vacuole  posterior.    Length  75 11.    Infusions. 
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87  (60)  With  a  well-developed  peiistome 

88.(101)  Mouth  not  posterior  to  the  middle  of  the  body.  . 

89(98) 

90(91) 


Not  surrounded  by  a  lorica  or  gelatinous  sheath go 

Peristome  oblique.  Body  elongated,  slightly  flattened,  rounded  at 
both  ends  or  slightly  truncated  in  front.  Mouth  followed 
by  a  short  pharynx;  ciliation  regular.   .   Paramoecium  Stein. 


Representative  spedes. 


91  (90) 
91  (97) 
93  (94) 


Faramoecium  caudalum  Ehrenberg  1838. 
Perhaps  tfae  mo9t  familiar  ciliated  protozoon  known. 
Body  with  a  large  central  macionudeus  and  a  unall 
■niCToaucleua.  and  a  cDntiaclile  vacuole  in  either 
eitranity.  Abundantly  supplied  with  trichocysu. 
Lengtli  varia.ble,  avenge  150)1.    Everywhere  in  in- 

fU^ODS. 

FiO.  49S.    Pa/tmetdtmcatiilaltim.    X  17a   (AfUrCooa.) 

Peristome  not  oblique .* gx 

With  one  or  more  membranes  well  developed  in  the  peristome.  .     93 
Peristome  very  broad  and  conspicuous,  occupying  the  entire  right 
^de.    Body  oval,  flattened  ventrally,  convex  dorsiUly;  an- 
terior end  oblique,  posterior  end  acute.    A  tuft  of  long  cilia 
extends  from  the  posterior  end.    .   ;   ,   .   Lembadian  Perty. 
Representative  spedes. Lembadion  buUinum  Perty  1849, 


»3H^n 


Nodeiii  dongated,  curved  Id  the  posterior  region  m 


. -^ thel«ttside;  con- 
tractile vacuole  opposite  the  nucteus.  When  stimulated  the  aoinul  swims 
rapidly  backward  rotating  on  its  Imtg  axil.  Length  50  to  loo  )>.  Among 
aquatic  phuits  in  pond  water. 

Eymaiosloma  Stolces  differs  from  i^otiniJHM  in  the  more  posterior,  ven- 
tral position  of  the  mouth,  the  greater  length  of  the  adorsl  dlia,  the 
abruptly  narrowing  membrane  and  the  double  contractile  vacuole. 


9S 


94  (93)    Peristome  not  broad  and  conspicuous 

95  (9C>)    Without  a  long,  posterior  bristle.    Peristome  parallel  to  the  right 

side  with  a  large  projecting  membrane.    Body  oval,  £t- 
tened  dorso- ventrally.     Cilia  very  long. 

Pleuronema  Dujardin. 
Representative  spedes.  ,    .    .    Pleuronema  chrysalis  Ehrenberg  1838. 


Cilia  in  length  neaily  one-half  the  diameter  of  the  body,  stiOened, 
setae-like.  Nucleus  ceatrol:  contractile  vacuole  anterior.  Loigth 
7S  to  lis  «■  Fresh  water.  Stotes  recogDiics  two  separate  gen- 
era, BUlriobalantidium,  with  long  setose  nristles  aiDong  the  dlia 
over  the  whole  body,  and  BoUiroibma,  with  a  long  terminal  tuft 
of  dlia.      BQtschli  places  them  both  under  Pleurimema. 
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96  (95)    Like  Pleuronema  but  with  a  shorter  peristome  and  one  or  more  bng 

posterior  bristles Cycltdium  Ehranberg. 

Representative  spedes.  .    ,    .     Cycltdium  ^uama  Ehrenberg  1838. 

Cilia  kiDg  uid  rigid,  in  loDgitudiail  rows.     Nudeui  central; 
contnctile  vacuole  pc4tcrior.   Leagth  10  ».   Very  abundant  in 

stagnant  watei. 

Fro.  jei.    CydMum  tlMuama.     X  Aij.    (Alter  EdmwwlKin.l 

97  (93)    Without  an  oral  membrane.    Body  ovate;  mouth  ventral  at  the 

posterior  end  of  a  longitudinal  groove  which  bears  on  its 
right-hand  border  a  row  of  large,  arcuately  curved  setose 
cilia  Himi'nUhing  in  length  toward  the  mouth.  A  long 
bristle  extending  from  the  posterior  end  of  the  body. 

Ckdoctema  Stokes. 
Representative  species.  .    .    .    Ctedoctema  acantkocrypta  Stokes  1884. 


Fio.soi.   CudaclmnKimaucryitii.    X  Sri.   (AfKl Stolui.) 

98  (89)    With  a  lorica  or  gelatinous  sheath 99 

99  (100)    Enclosed  in  a  lorica.    Animal  similar  to  Pleuronema.    Lorica  oblong- 

ovate,  hyaline,  with  tapering  extremities,  the  terminal  aper- 
tures about  half  as  wide  as  the  center  of  the  sheath.    Animal 

very  active  within  the  lorica Ctdypiotricha  Fliillips. 

Representative  species.     .   .   .    Calyptotricka  inhaesa  Stokes  1S85. 


.    CalyfUkidia  bUuim. 


too  (99)  Enclosed  in  a  gelatinous  sheath  to  which  the  animal  is  not  attactied. 
Body  ovate;  mouth  ventral,  at  the  end  of  a  groove  on  the 
margin  of  which  is  a  series  of  strong  dlia.  A  tuft  of  long, 
curved  cilia  extends  from  the  anterior  extremity. 

Cyrtohphosis  Stokes. 
Rqites^tative  species.   .    .    .    Cyrtolophosis  mucicota  Stokes  1885. 

A  strange  [orm  not  UDcommon  among  algae.    When  the  animal 

comes  to  rest,  s  transparent,  sticky  substance  seenu  to  be  exuded 

trom  tfae  body  whidi  becomes  gianulu,  due  to  excreta,  bacteria 

^    tmd  other  foreign  bodies  which  adhere  to  it.      When  disturbed 

9     tbe  animal  ghdes  out  of  its  covering  and  another  is  constructed. 

'      A  temporary  colony  may  be  built  up  by  the  adherence  o(  several 

gelatinous  sheaths.    Length  of  body  15  ii. 

Fio.  SO).    Cyrltittlwiu  mmxeta.     X  lis.    (Atler  SUka.) 

toi  (88)    Mouth  at  the  posterior  end  of  the  body los 
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I03  (loj)  Body  flattened,  oval,  with  spiral  furrows.  Peristome  with  a  vi- 
brating  membraDc  posterior  leading  into  the  mouth.  A 
tuft  of  long  bristles  at  the  posterior  end  of  the  body. 

Cinetockilum  Perty. 
Representative  spedes. 

CtneiockUum  margariUtceum  Ehrenberg  1838. 


X  SOS.    (Abet  MMcUi.) 


103  (loa)    Body  nearly  oval,  ventral  surface  flat,  ciliated;   dorsal  surface 

curved,  with  three  longitudinal  grooves.     Mouth  posterior 
on  the  left  side,  with  a  small,  vibrating  membrane. 

Microthorax  Engelmann. 
Represeotative  species.  .   ,   Mkrothorax  sukatus  Engelmann  1862, 

^5'^*if*yil3i>  Associated  with  the  precedios  spedea.    Length  40  to  te  •. 

^|^R**^nNF  Fio.  J06.    MimUuna  mlcaUu.     X  Jio.    (Aller  Kent.) 

104  (3)    An  adoral  zone  present  consisting  of  cilia  fused  together  into  mem- 

branellae. Order  Heteiotiicha  .    .     105 

105(130}     With  a  uniform  covering  of  dlia 106 

106(115)  Peristome  not  confined  to  the  anterior  border  of  the  body.    .  107 

107(113)    Peristome  a  long,  narrow  furrow 108 

108  (it i)     With  an  undulating  membrane 109 

109  (110)     Body  flattened,  narrow  and  hook-like  in  front.    Mouth  near  the 

middle  of  the  body  at  the  end  of  the  narrow  peristome. 
Membianellae  on  the  left  wall  of  the  peristome,  on  the  right 
an  undulating  membrane.    Colored.  .     Bkphariwta  Perty. 
Representative  species.  .   .    Bkpharisma  laterUia  EbreabeTg  iS^. 


Fio.  507.    Ottkariima  ttUrWa.     x  iSo.    (Altet  Sldn.) 
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110  (109)  Body  spiral,  cylindrical,  somewhat  pointed  at  both  ends,  but  con- 
tractile; periatome  spiral  with  the  mouth  near  the  middle 
of  the  body.  Membranellae  on  the  left  side  of  the  peri- 
stome, a  membrane  on  the  right  side. 

Metopus  ClaparUe  and  Lachmann. 
Representative  spedes. ^«<a^  n'gnHndej  Muller  1786. 


Cilia  usually  longer  ax  the  posterior  end.  A  ttus  of  dark  pigment  grui- 
ula  in  the  aaterior  extremity.  Nucleus  oval,  centnl :  contractile  vacuole 
posterior.  Lensth  100  to  100  11,  At  the  bottom  ol  infusions.  UilafiJa 
acumimila  Stoltes  differs  from  the  above  speciei  io  the  posterior,  tali-like 
prolongation  from  which  extend  a  number  of  long  bristles.     It  it  aba 


Without  an  undulating  membrane.  Body  greatly- elongated,  cyl- 
indrical, contractile.  Peristome  reaching  to  the  middle  of 
the  body.  Stror^  membranellae  on  the  left  side  of  the  peri- 
stome.   Body  spirally  striated.  .    .  .S^VoTtfmHm  Ehrenberg. 

Representative  spedes.  .  Spiroslomum  ambiguum  Ehrenberg  1835. 

3  Body  ten  to  Rfteen  times  as  long  as 

■%',     iiiiii  II  broad,  but  readily  contracting  into  ■  UKirt 

spiral  body.  Nucleus  moniliform.  Con- 
ttactiie  vacuole  posterioi,  extending  for- 
ward as  a  canal.      Extended  body  may 


119  (107)     Peristome  a  broad  triangular  area,  deeply  sunken. 


113  (114)  With  an  imdulating  membrane  on  the  right  side  of  the  peristome. 
Body  cylindrical  or  purse-shaped,  sometimes  contractile. 
Peristome  broad  in  front  extending  one-third  the  length  of 

the  body Condylostoma  Dujardin. 

Representative  spedes CondylosUma  patens  Mai\eT  i'j86. 


Body  broadly  ovate,  widest  posteriorly.  Peristome  broadly  triangular, 
eitendiDB  about  hall  the  length  of  the  body.  Nucleus  moniliform;  con- 
tractile vacuole  irregular.    Length  100  *.    Stagnant  water. 
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Wtfaout  an  undulating  membrane  in  the  peristome.  Body  purse- 
abaped,  oblique  in  front;  peristome  funnel-shaped,  open- 
ing on  the  ventral  side  by  a  slit  reaching  as  far  as  the 
middle  of  the  body.     Membionellae  on  the  left  side  of 

the  peristome Bunaria  MUller. 

Representative  specdes. 

Bunaria  tritncateUa  MUller  1786. 

Nudeiu  band-like;  cootnctik  vacuoles  nunKniu*.    l>eDgtli  500 
to  700  ».    Pond  mta. 


,   Bvtiatia  tnnKoMa.  e 


(Aha  Kent.) 


115  (to6)  Peristome  con&ned  to  the  anterior  border  of  the  body,  with  its 
plane  neariy  at  right  angles  to  the  longitudinal  axis  of  the 
body 116 

116(119)    Posterior  end  not  produced  into  a  tail-like  process. 117 


117  (118)    Body  purse-shaped,  slightly  flattened,  anterior  end  oblique. 

Peristome  enclosing  most  of  the  anterior  end  of  the  body. 

Ctitnacostomum  Stein. 

118  (117)     Body  funnel-shaped  when  extended,  fixed  or  free-swimming,  some- 

times enclosed  in  a  jelly-like  lorica.  Peristome,  the  ante- 
rior expanded  surface  with  a  spiral  row  of  strong  dlia 
around  its  border;  the  left  end  of  the  spiral  being  the  lower, 
leading  into  the  mouth  and  short  pharynx.  Si^ace  finely 
dilate  sometimes  bearing,  in  addition,  long  slender  bristles. 
Stetttor  Oken. 
Representative  species.    .  SkrUor  Polymorfhus  MiilieT  ij86. 

Body  luu&lly  contAiDJng  ■  cortiol  Uyef  o(  cUocophyl  gnnulu. 
Nuclcua  moiiililonn.  Leasth,  oiteaded,  1 100  fi.  Among  aquatic  plant* 
■ad  in  inlustons.  Sometimes  Found  in  gdatioous  maasta  on  le&ves  and 
roots  of  water  idants. 

Another  freJi-water  fonn,  Slenlor  coenJats  Ehrenbog,  blue  in  color, 
atiao  comnion. 


119  (116)  Posterior  end  produced  into  a  tail-like  process;  anterior  region 
helmet-like,  rounded  anteriorly  with  a  free  posterior  margin. 
Mouth  ventral  in  a  ciliated  groove.  Cilia  extending  from 
the  mouth  in  a  spiral  across  tibe  anterior  border  and  around 
the  free  margin  of  the  anterior  portion. 

Camomorpha  Perty. 
Representative  species.  Caenomorpka  vudusula  Perty  1849. 

a  the  long  axis.      Length,  witb  tail, 


130(105)     Cilia  restricted  to  certain  limited  areas  or  zones lai 

131(134)    Body  not  in  a  brica laa 
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laa  (133)  Equatorial  region  of  the  body  bearing  a  drcle of  long,  fine  bristles. 
Body  spheroidal  with  a  spiral  wreath  of  strong  cilia  about 
the  anterior  border.    Mouth  anterior,  niargiiial. 

HalUria  Dujardin. 
Representative  spedes HaUeria  grandindla  M\iiltr  ij86. 

Nudeiu  round,  centnl,  with  amtractlle  vftcuoU  near.    Moving  by  a 
rotary  motkni  acmmcwmed  by  sudden  leaps.    Length  15  lu     Common 

Fio.  514.    BaiUria  iranJwMfla,    cf,  contntctOe  vicDole;  macn.  microiiudeui- 
X  400.    (Ahet  Kent.) 

133  (133)     Without  long,  fine  bristles,  otherwise  very  similar  to  Hallcria. 
Strombidium  Clapardde  and  Lachmann. 

Representative  spedes.     .   Strombidium  daparidii  Kent  1883. 

Body  somewbat  eloDKate.  tapering  posterioriy.      Length  80  ^     Pond 
(AftHkent. 

134(131)    Bodyinalorica 135 

I3S  (196)  Lorica  mudlaginaus,  attached  to  some  support.  Body  ovate  to 
pyriform,  attached  in  the  lorica  by  a  pedicel.  Mouth  ante- 
rior, surrounded  by  a  wreath  of  long  cilia. 

Tinlinnidium  Kent. 
Represen tad ve  spedes.    .  Tintinnidiumfiimatilii^tKLaiifiT. 

The  lorica  has  an  uneven  surface,  frequently  with  incorporated  foceifm 
particles.  Body  lODietEDies  attached  to  the  bottom,  sometimes  to  the  ^de 
of  the  lorica.     Length  of  Iaric&  12;  11.    Attached  to  aquatic  plants. 

Pm.  51G.    TiaHtutUiumfntitliti,.     x  lao.    (Alter  Eoti.) 

116(135)    Iioricachittnoiis;  otherwise  as  TtH^tnitf^ittm.   .   .     TintinnusTdL 
137(3)     Body  not  uniformly  covered  with  dlia. 138 

138  (169)     Cilia  setae-like,  usually  limited  to  the  ventral  surface.    Dorsal 

surface  sometimes  with  bristles.    Body  flattened. 

Order  Hypotrlcha  .    .     139 

139  (130)    Ventral  side  imiformly  dilate,  except  sternum;  a  group  of  stronger 

cilia  behind  peristome  and  near  posterior  end. 

Trichogaikr  Sterki. 

130(139)    Ventral  surface  not  imiformly  dliate 131 

131(166)    Many  border  dlia. 133 

13s  (^57)     Ventral  dlia  munerous,  in  rows 133 

133(153)    Ventral  dlia  bristle-like 134 

134  (143)    Usually  more  than  two  rows  of  ventral  cilia 135 

135(140)     Five  or  more  rows  of  ventral  dlia 136 
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136  (137)    Peristome  with  an  undulating  membrane,  body  flexible.    Three  or 

mote  frontal  styles.     Five  to  twelve  anal  styles  in  an  oblique 

row  extending  to  the  left.    Peristome  an  elongated  triangle. 

Urostyla  Ehienberg. 

Representative  spedes.  ....     Urostyla  trichogasler  Stakes  1885. 

Ventral  surface  with  dosdy  approrimated  rows 
of  fine  cJLia.  Anal  atyLea  tea  or  twelve  in  number. 
Nucleus  smcle,  accoraiog  to  Stokes.  Contractile 
vacuole  single,  to  the  left  of  the  peristome. 
Lccgtb  350  to  300  iL.  Vegetable  infusioDS. 
Bemiciplailyia  SU^ea  ajiees  with  Uroihla,  but 
has  oo  anal  styles. 

Ghui  [ouod  two  nuclei  in  hia  form  and  states  that 
[t  may  be  a  variety  of  Vtestyta  pandis  Ehreobeis. 

Peristome  without  an  undulating  membrane 138 

,  rounded  at  both  extremities,  not  flexible;  five  nearly 
straight  rows  of  ventral  dlia.  Peristome  on  the  right-hand 
margin,  extending  back  of  the  middle,  with  a  row  of  long 
dlia  or  membranellae.    Nudei  four  to  six  in  number. 

Homosfyla  Conn. 
Representative  spedes Bamoslyla  elliplica  Coua  1905. 


139  (138)  Kidney-shaped,  with  six  oblique  rows  of  ventral  dlia,  the  posterior 
row  the  stronger.  No  frontal,  ventral,  or  anal  styles.  Border 
dlia  forming  a  complete  row  around  the  periphery.  Peri- 
stome reaching  to  the  middle  of  the  body.  External  para- 
sites on  Hydra.  Kerona  Ehrenberg. 

Representative  spedes.    .....    Kerona  pedicuius  MOilci  i-j&6. 


.    Ktraaa  fMcului.     X  iSo.    (Attn  SteiB.) 


r40  (135)     Less  than  five  rows  of  ventral  dlia r4T 

r4i  (142)  Body  elongated  anteriorly  into  a  neck;  rounded  behind,  very  con- 
tractile. Peristome  narrow,  extending  to  or  b^ond  the 
middle.  Membranellae  long.  Two  or  three  oblique  rows 
of  ventral  setae.    No  frontal  or  anal  styles. 

Slichotricha  Perty. 
Rqnesentative  spedes Slichotricha  secunda  Perty  1849. 

Uuginsi  setae  long  and  slender.  Nuclei  two.  with 
the  contractile  vacuole  between.  Often  a  mucilaginous 
sheath  Is  secreted  by  the  animal,  from  which  it  may 
project  the  anterior  half  of  the  body  or  may  entirely 
vacate  it  and  swim  freely  in  water.  Length  about 
3O0  fi.     Among  aphogDUm. 

Fn.  5)0.    SIklHlrkIn  mnnto.     X  m.    (Alter  CoSD.I 
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143  (141}    Body  elliptical  to  ovate,  flexible.    Three  unequal  igws  of  veotnl 
cilia;   frontal  styles  numerous.    No  anal  styles.     Marginal 

setae  uninterrupted Eschaneustyla  Stokes. 

R^HVsentative  q>ecie3.    .    .  Eschaneustyla  brachytona  Stokes  1886. 

Anterior  crtreinity  slightly  curved  to  the  left  with  a  con- 

^jj»M»Ww>»i,^  itrictioQ  beneath  the  tront  border.     Frontal  styles  about 

^^^^^MJrl"^^p^^^^     tmOty-Gve  in  obUque  rows.      Nucleus  not  observed.     CoD- 

f^BjSs.  -■"'".  .Ij/^SsS^f^     tnctile  vacuole  canal-like  along  the  left-hand  border.   Length 

^^WlMriHM^^WTnliW'^        about  100  il.   '  Standing  water  with  dead  leaves. 

Fn.  5>i,    BKtauulTte  iraditUna.     x  no.     (Afta  Stokca.) 

143  (134)    One  or  two  rows  of  ventral  cilia 144 

144  (r4s)     One  row  of  about  seven  large  ventral  cilia.    Long  border  and  anal 

dlia '  Balladina  Eowalewsky. 

r4S  (r44)    Two  rows  of  ventral  dlia;  body  not  elongated  in  front.      .    .     146 

146  (151)    Body  prolonged  posteriorly  into  a  tail-like  process 147 

147(150)    Body  not  flask-shaped 148 

145  (149)    No  anal  styles;  body  narrow,  ebngated,  sometimes  contractile. 

The  border  setae  pushed  in  on  the  ventral  suriace. 

UroUpius  Stdn. 
Representative  species UroUptus  muscuius  lA^tj  l^if^. 

Body  slightly  elastic;  tail-Uke  process  short,  conicaL  Ael- 
terior  end  curved  slightly  to  Che  left,  the  posterior  to  the 
right.  Frontal  styles  three  or  four.  Length  aoo  ^  Among 
aquatic  (dants. 

Flc.  593.    VnlttiM  muMba.     X  ISO-     (Aila  Coon.} 

149  (14S)     With  a  row  of  seventeen  anal  styles  upon  the  left  side.    In  other 

respects  like  UrokpUu Ampkisia  SterkL 

150  (r46)     Body  flask-shaped,  otherwise  very  similar  to  UroUptus. 

Platytrkkotus  Stokes. 
Representative  species.     .     Plalytrichotus  opisthobolus  Stokes  18S6. 

Frontal  styles  five.  Nudeus  single,  posterior.  Contractile 
vacuole  single.  The  posterior  tip  of  the  body  is  changeable 
inform.  It  may  be  bifid,  truncate,  or  rounded.  Long  hispid 
bristles  are  devdoped  from  the  dorsal  surface.     Leogtb  igO|>. 

igsi^iagnum. 

.  jij.    f  JoiytritMu  ttiiiluMm.    X  »o,    (After  Slakes.) 

151  (147)    Body  not  probnged  into  a  tail-like  process.    Elongated,  rounded  at 

both  ends.    With  two  uninterrupted  rows  of  cilia  on  the 

ventral  surface Bolostkka  Wrzesniowski. 

Representative  spedes Bolostkka  vonialis  Stokes  1887. 

Fnmtal  styles  five  or  six.    Anal  styles  from  five  to  eight, 
usually  branched.      Dorsal  bristles  numerous.     Nuclei  two; 
oontrsctile  vacuole  centraL    Leogth  iqo  «i.    Shallow  pools, 
observed  with  algae- 
Flo.  j>4.    Bthifklu  inmUt.     X  sij,    (Atlet  Cooa.) 

'5"  (133)    Ventral  dlia  setae-like,  often  in  interrupted  rows rS3 

153  (^5^)    Ventral  setae  in  more  than  one  row 154 
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154  ('5S)  Body  elongate-oval,  with  five  to  eight  frontal  styles;  ventral  setae 
usually  arranged  in  two  or  more  rows,  the  inner  rows  having 
but  few  setae.    Anal  styles  five  or  six,  two  of  which  are  near 

the  posterior  border FUwotricka  Stein. 

ReiKesentative  species.  .    .   Flewotricha  latuxciaUi  Ehrenberg  1838. 
Somevhit  loemblins  Stylonychia  but  without  cbikUI  aetae  and 
with  ans]  styles  airsnged  in  [wo  ^upa.     Nude  two  in  aumbei, 
one  in  front  of  the  spei  of  the  pensteme.    Length  150  m.    Among 

FtmrHrielialamtolaU.     y  iij.    (After  Eilmcndno.) 

iSS  ('S4)  Body  somewhat  rectangular  in  outline  with  slightly  rounded  ends. 
Three  or  four  oblique  rows  of  ventral  setae  rmming  from 
left  to  right,  and  three  rows  parallel  to  the  peristome  border. 
Anal  styles  five  or  six.    Border  dlia  uninterrupted. 

Onyckodromui  Stein. 
R^resentative  species Onychodromus  grandis  Stein  1859. 

Body  not  Beiible.      Fronul  styles  from  sixteen  to 
twenty-eight,  in  three  rows.     Anal  styles  from  five  to 

•even.  Nuclei  usually  four.  Length  loo  to  300  ». 
O»ythoiromepsu  fitxiiii  Stokea  diffeis  from  Stein's  fonn 
in  htvjng  a  soft,  flexible  body. 


FlO.  !i6.    Onyduimmui  tramlii. 


(Afts  Cdon.) 


156  (153)  Ventral  setae  in  one  oblique  row.  Body  elongate-oval.  Five  or 
m  frontal  styles  and  as  many  anal.  Peristome  triangtilar, 
curved,  with  an  undulating  membrane. 

Gastrostyla  Engclmann. 
Representative  species.  .    .    .    Gastrostyla  sldnii  Engebnann  i86j. 

Botb'  evenly  rounded  at  each  extremity.  Three  very 
huge  frontal  styles  near  the  border.  An^  styles  five, 
ui  an  oblique  row,  not  projecting  beyond  the  border, 
Nudei  foui.  Contractile  vacuole  near  the  middle  of  the 
body  on  tbe  left  aide.     Lengtb  250  i--     Fresh  water. 

Fio  537.    Gailmlylt  Oiimi.     x  iii.    (Afta  EdmoadHn.l 

157(130    Ventral  dha  few  not  m  rows 158 

138(165)    Not  produced  posteriorly  into  a  tail-like  process isg 

159(163)     Body  flexible 160 

160  (161)  Border  cilia  uninterrupted.  Narrow,  elliptical,  roimded  at  both 
ends.  Five  ventral  setae  and  five  anal  styles.  No  caudal 
bristles.     Inner  right  wall  of  peristome  bent  toward  outer 

left  wall Oxylricha  Ehrenberg. 

Representative  species.     .    .    .     Oxytrkka  pdiitmdla  Milller  1786. 

^jjfSK^^''^?*?^^*^'*^!  Marginal  setae  set  well  in  on  the  ventral  surface. 

J^^Zrr  *  ■^'*"V*^.'7  -  -  '^^^^-  Anal  styles  arising  near  the  posterior  border  and  ei' 

-y^—  •"i'^*'''f^i     "fc   ^^r  tending  nearly  their  entire  length  beyond  it.      Nuclei 

^-<s«i^^JJ^^0^fcgp^  two.     Contractile  vacuole  on  the  left  side.     Length  So 

^~«as»ta»™"^     ^w».  ^  ijjg  ^     Common  in  infusions  and  fresh  water. 

F».  iO.    OrMekaJJIImdla..  X  MS-  Opullulncka  Kent  resembles  Otylricka  in  general 

(Alter  c«oD.)  r)iar«r**ri*'l'f  but  has  thrt«  caudal  setae. 
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i6i  (i6o)  Border  cilia  interrupted  at  the  posterior  end.  Frontal  styles, 
eight  or  ten.  Five  ventral  setae  and  five  anal  styles.  No 
caudal  bristles.    Dorsal  hispid  setae  usually  present. 

Tacky  soma  Stokes. 
Representative  species.     ,    .    .     Tackysoma  panistyla  Stokes  1887. 

Body  DUToir  uiterioily  farmiiig  a  oeck-like  region.  Tn 
froDtu  styles.  Margiaal  setae  savcely  projectins  except  poa- 
Icrioriy.  DoTsal  setae  minute.  Styles  in  this  fonn  are  very 
small.    Length  60  it.    Shallow  pools  in  early  spring. 

Fu.  ]>«.    rKtyiMM  faniiiylt.     X  4SO.     (Alter  Stgfcca.) 

162(159)     Body  not  flexible 163 

163  (164)  With  caudal  setae.  Elongate-oval  in  shape  with  eight  frontal,  five 
ventral  setae,  and  five  anal  styles.  Caudal  setae  usually 
three,  long.  Peristome  triangular,  with  an  undulating  mem- 
brane; the  inner  wall  bent  away  from  the  outer  wall. 

Stylonycftia  Stein. 
Representative  species.    .   .   .   Stylonychia  nolophora  Stokes  1885. 


Front  border  obliquely  truncate  on  the  left  side.  Peristome 
extending  neariy  to  the  middle  of  the  body.  Caudal  setae 
widely  separated.     Nudd  two.    Length  no  to  i6a  m.    Pond 


164  (163)    Wthout  caudal  setae;  with  inner  wall  of  peristome  bent  toward  the 
outer  wall.    Like  Stylonychia  in  other  respects. 

Hislrio  Swrki. 
Representative  species Bistrio  erelkislicus  Stokes  1S87. 


.    Hiilrit  (TdiUitKKi.     x  30a.    (Altei  Cam.) 

16s  ('S8)     Produced  posteriorly  into  a  tail-like  process.    Bodv  fleidble,  with 

eight  ventral  setae  and  five  anal  stjdes  at  the  base  of  the  tail. 

Urosoma  Kowalewsky. 

Representative  species. Urosoma  sp. 

Fonn  doubtful  as  to  qiedea. 

Flo.  ui.    Dnamt  tp.   X  31S.  (Afts-  Coan.) 

166  (131)    Border  cilia  few  or  none. 167 
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167  (16S)  No  caudal  setae.  Body  rounded  or  oval,  dois^  surface  usuaUy 
furrowed.  Peristome  in  the  posterior  region  in  the  left- 
lateral  border,  its  right  border  prolonged  into  a  triangular, 
lip-like  extension.  Usually  three  frontal. styles,  four  or  five 
ventral  setae,  and  five  or  more  anal  styles. 

Aspidiica  Ehrenbeig. 
Rquesentative  spedes.   ....  ^s^iica  coiloto  Dujardin  1841. 


FlO.  5SS.    AitUixa  catlala.     X  sen.    {Afla  Codil.) 

168  (167)    Caudal  setae  usually  four  in  number.    Body  oval,  with  dorsal 

convex  surface  furrowed.     Peristome  broad,   on   the  left 

.        side,  extending  backward  to  or  beyond  the  middle  of  the 

body.    Frontal  styles  six  or  eight,  a  few  scattered  ventral 

setae,  and  five  anal  styles Euphtes  Stein. 

Kqwesentative  qtedes Eu^oUs  ckaron  MlUler  1786. 

w.    ,  ^  M                                      Frontal  styles  acvea;  vcQtral  setae  three.     Nu- 

Wt  deus  buid-like.    Length  go  f-    Pood  water.    Dif- 

3^  ^                                      laiagtromEiitlotafateUaEbitDbeTsbyiUaniaHa 

9!.  Ulc  and  greater  Qumber  of  fronUl  atylo. 

"      J    ^^  tta-uA.    Emiuia  ikann.    Veotnl  vior  and  individual 

Af  4  In  omxtt  o)  dhrWoii.    a,  coatnctUa  vacuok;  nan, 

~  ^  macraaiKkua.     X  300.    (Aftei  KcdI.) 


» 


169  (128)    Cilia  usually  hmited  to  the  adoral  zone,  sometimes  with  additional 
rings  of  dlia.    Body  cup-like  or  cylindrical. 

Order  Peritricha  .    .     170 

170(193)    No  lorica  present. 171 

171(180)    Without  a  stalk 173 

171  (175)    With  a  permanent  seixindary  ring  of  dlia  at  the  posterior  end 
endosing  on  adhesive  tli*t 173 

173  (174)  Body  short,  barrel-shaped,  with  the  posterior  end  discoidal,  the 
inner  border  of  which  is  supported  by  a  homy  ring,  the 
peripheral  zone  of  which  is  radially  striated  and  denticu- 
late; the  outer  border  surrounded  by  a  wreath  of  cilia. 
Adoral  zone  extends  spirally  around  the  flattened  end. 
Mouth  eccentric.  Parasitic  forma.  ,  .  Trichodina  Stein. 
Representative  spedes.    .    .   Trickodina  pedictdus  Ehrcnberg  1S30, 

Commoaly  observed  ^jding  up  and  down  od  the  tentades 
o(  fresh-wster  Byira.    Height  of  body  70  ». 

no.j35.    TriOediiia  pMaimi.   Individiuk  idhaent  to  tcnUda  irf 
Bydn.    y.yt.    (AfutKmt.) 


.dbyCoOgIc 


FRESH-WATER  BIOLOGY 


175(171)     Without  a  permanent  secondary  ring  of  dlia 17& 

176(177)     With  two  rings  of  stiS,  spinous  processes.  .  .    Baslatella  ErUingeT. 
Representative  spedes Haslaldio  radians  Erlanger  1890. 


177(176)     Without  rings  of  stiS,  spinous  processes 17S 

178  (179)    Posterior  end  elongated,  usually  attached;  peristome  slightly  de- 
veloped.   Ciliated  dialt  small.    .  .   ,  Scypkidia  Lachmann. 
Representative  spedes ScyphidiajTomeiil€UiiTLtn\.iS&2. 


179  (178)    Posterior  end  not  elongated;  attached  or  free.    Cylindrical  when 
extended.     Ciliated  disk  small. 

Gerda  Clapar&le  and  Lachmann. 
Representative  ^des Gerda  sigmoides  Kellicott  1885, 


\ 


Anterior  region  narrowed,  umally  curved.  Surface  finely  Mliated  trans 
vcTiel)'.  Nucleus  not  observed.  Length,  extended.  150  r-  Adbeient  ti 
fiesh-woter  plants. 

Fid,  sjS.    Gaia  sifmciiu.     X  i6o.     (Altn  KeUicoU.) 


180(171)     Withastallt. 181 

181  (186)    Stalk  unbranched 183 
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i8a  (183)  Stalk  retractile.  Body  bell-shaped,  nitlde  often  ringed.  A  series 
of  strong  dlia  encircle  the  central,  elevated  dliary  disk. 
Mouth  eccentric  between  the  peristome  and  ciliary  disk. 

Nucleus  band-like,  curved Vorlicdia  Ehrenbeig. 

Representative  species.    .    .   Vorlicdia  campanula  Ehrenberg  1838. 


Body  broadly  ompuiuble.  enttly  dil&Ud  interiorly,  lutface  imootli. 
Sulk  tliick.  &ve  or  ux  tiiDci  the  teogth  of  the  body.  Eadoplasm  often 
opaque  with  graoulea.     Length  of  body  150  u.     Pood  water.     SodaL 

Flo-  5»-    VtiliiJla  iampaaula.     X  ja    [After  Kent.) 


1S3  (182)    Stalk  not  retractile 184 

184  (185)    With  an  operculum.    Body  ellipsoidal  to  ovate;  the  dliary  disk 

upon  a  stalk,  do^ng  like  a  lid.    Nudeus  short  or  band-like. 

Pyxidium  Kent. 

Representative  spedes Pyxidium  ramosum  Stokes  1887. 


Body  va^form,  widest  ctntrally;  surface  smooth.  CilUiy  disk  slightly 
eiKited  with  two  diclca  of  long  liiie  dlia.  Pedicel  very  short.  Leogth  oif 
body  about  100  h-    Pond  water  on  rootlets  of  Ltmna. 


185  (184)     Without  an  operculum.     Body  elongate-ovate  with  surface  usu- 
ally transversely  striate,  stalk  short.  .   .  Rhabdoslyla  Kent. 
Representative  spedes Rhabdoslyla  vertialis  Stokes  1887. 


Body  widest  centnlly.  conitricted  below  the  peristome  border.  CiUsiy 
drdea  twa  Nudeus  band-like.  Length  50  |k  Attadied  to  Cychpt  aaS 
Cjpra  in  early  ipring. 


.    KJkcMHl^k  wnolu. 


oatnctib  vacuole.    >:  Mo.   (After  Stokta.) 


186  (181)     Stalk  branched ^S^ 
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187  (190)    Stalk  retractile. 


8  (1S9)  Zooids  contracting  independently.  Bodies  bell-shaped.  Central 
muscle  interrupted  at  the  union  of  the  stalk  and  the  branch. 
Ciliated  spiral  forming  about  one  and  a  half  circles.  Nu- 
cleus horseshoe-shaped Carchesium  Ehrenberg. 

Representative  species.  .    .    .       Carchaium  polypinum  Kent  i88a. 


Colonies  often  reaching  a  hdght  of  onc-dghth  Ol  an  inch.  At- 
tached to  the  under  surfaces  oistones  or  floating  sticks  in  fresh- 
VBter  pools  or  miming  streams.  The  colony  Duy  be  the 
tBnpomfy  host  □[  Amp/alephu  meUagrii.  Length  of  looida 
son- 
Some  interesting  woik  has  bem  done  on  the  nucleus  of  this 


■pedes  by  Miss  M.  Greenwood.     (iW  Journal  of  Physology, 
Vo!,  XX,  pp.  437-4S40    It  was  lound  that  the  normal  activity 
causes  a  drain  on  the  organism  which,  if  not  oSset  by  sv"''"- * 
repair  due  to  the  lack  of  nutrition,  results  in  the  roore  flui 
acta  of  the  macrosomes  o(  the  nudens. 


Zooids  contracting  together.  Bodies  very  similar  to  Carchesium 
but  central  muscle  continuous,  causing  all  of  the  zooids  to 
contract  together Zoethamnium  Stein. 

Representative  species.    .   .  .    Zoethamnium  adamii  Stokes  1885. 


Bodies  about  twice  as  long  as  broad,  tapering  to  the 
pedicel;  finely  striated  transversely.  Length  of  zocodi 
60,1.    Reported    from     Niagara    River.    Attached     to 


190  (187)    Stalk  not  retractile 191 
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191  (iQs)    Bodies  bell-shaped,  usually  tiunsveraely  striated;  peristomal  disk 
broad.     Stalk  containing  a  canal  but  no  muacle. 

Epislylia  Ehrenbeig. 
Rq»esentalive  spedes.    .   .   .  EpistylKfiancans'E\aea\tagiiy>. 


The  spedea  may  be  distinguished  by  the  fact  that  the 
(tem  is  hollow  throuKhout  eiccpt  the  joints  which  are 
solid.  Another  peculiarity  is  the  curvature  which  each 
limb  malio  as  it  leaves  the  point  ol  biiurcatioo  in  the 
dichotomausly  branching  system. 

Five  or  six  drcles  oi  strong  cilia  about  the  disk.  Bodies 
usually  paJe  yellow  in  color.  Nucleus  band-bke,  curved. 
When  old  the  atalk  loses  its  rigidity  and  the  colony  falls 
down  in  a  tangled  mass.  The  same  decumbent  condi- 
tion of  a  normal,  upright  colony  may  be  produced  by 
removing  its  customary  lood  supply.      Conjugation  of 

free-swimming    microgametes   with    at'     '     "    "" 

metes  is  common.    Length  of  zooids  ai 


193  (t^t)    Bodies  elongate-ovate;  peristomal  disk  not  broad,  elevated  a  con- 
siderable distance Opo'cularia  Stetn. 

Representative  species.      .    .    .    Opercuiaria  jUkattiis  Stokes  1884. 


Bodies  elongateovate.  smooth,  soft  and  fleiible,  about  three 
as  long  as  broad.  When  contracted,  looids  are  thrown  into  tran 
(olds  posteriorly  and  bear  longitudinally  plicate,  snout-like  piojecl 
in  tront.  Protoplasm  enclosing  green  corpuscles.  Ciliary  drcles 
Stalk  rigid,  striate  longitudinaUy.  Zooids  in  sessile  groups  of  fron 
to  twmly.  Length  of  body  150  u-  Height  of  colony  1$  """• 
tached  to  plants  in  pond  water. 

>lu.    X  II.    (After  Stotca.) 


193  (170)    With  a  lorica. 194 


194  (197)    Lorica  gelatin' 
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195  (t0)  Animals  growing  in  clusters,  attached  or  free-floating,  enclosed  in 
a.  mucilaginous  jelly.  Zooida  attached  to  a  branching  stalk, 
each  secreting  a  jelly-like  tube  which  may  remain  distinct 
or  fuse  with  its  neighbor  forming  a  jelly  mass.  Zooids 
similar  in  anatomy  to  Vorlketla.    Usually  green. 

Ophrydium  Ehrenberg, 
Representative  species.  .    .  Ophrydium  ekhiiontii  Ehrenberg  1838. 

Bodid  very  plutir.  findy  striate  Cnnivendy.  Gustera  hemi^erical,  of 
doiely  approximated  individuals.  Same  colonies  may  include  aa  many  as  one 
huDdred  zooiils,  alchougb  this  large  uze  is  uncommon. 

Division  of  the  body  has  been  observed  to  take  place  In  a  Inuisverse  direclioo, 
which  is  a  rare  occurrence  in  this  family. 

The  Ulterior  portion  awimi  away  and  settles  down  to  form  a  new  colony,  or 
profaaMy  conjugates  with  some  Sied  locdd.  Iiength  of  expanded  zocnds  ijo  to 
500  fi.    Fresh  water. 

Fra.  m6.    OpIiri^Km  atkiatMi.    a,  contnctile  ncuole;  San,  maaooucleus.     X  JO. 


'  }^  (195)    Animals  solitary;  similar  in  other  respects  to  Ophrydium. 

Ophridinopsis  Kent. 

197  (194)    Lorica  chitinous 198 

198  (305)    Lorica  not  decumbent 199 

199  (303)    Lorica  sessile 100 

30O  (301)    Lorica  with  a  hinge-like  valve  that  doses  the  opening  when  the 

body   retracts.     Lorica   elongate,   subcyfindrical.     Body 
elongate  with  ciliary  system  as  VorltceUa. 

Thuricola  Kent. 
Representative  species. Thuricola  valvata  Wright  1858. 


Lorica  four  or  five  times  as  long  as  broad,  with  the  valve  a' 
tance  from  the  aperture.  Length  of  lorica  i]0|>-  Fresh  w 
reported  from  salt  water.  !□  Thurkelapsit  Stokes  the  lorica  i 
with  a  support  for  the  valve.    Otherwise  as  ThMrtcola. 

FM.  M7.    TInriatt  tahala.    X  150.    (Alter  Kent.) 


1)     Lorica  without  a  valve.     .     Vaginicola  Clapardde  and  Lachmann. 
Rq)resentative  species.     .    .    .     Vaginicola  hptoioma  Stokes  18S5. 

Lorica  broadly  vadform.  twice  as  long  as  broad,  inflated  posteriorly.  Zooid 
elongate,  projecting  one-tluid  its  length  beyond  the  lorica.  Peristome  twice  ai 
broad  as  the  body.     Surface  transversely   striate.    Length  of  lorica   110  fi. 

Pond  water. 

Fia.  S48.    CofMciiI*  iiftuMU.    n,  cantnctile  ncuok.     X  no.    (After  Stoko.) 

3  (199)    Lorica  with  a  pedicel 203 
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903  (jof)    Without  an  operculum.     Zooid  Ukt  Tkuricola;  adherent  to  the 
bottom  of  the  torica  in  a  sessile  maimer  or  united  by  a  con- 
tinuation of  the  supporting  pedicel.    .  Cotkurnia  Ebrenbeig. 
Representative  species Cotkurnia  pUclostyla  Stokes  1885. 


Lorioi  curved,  two  md  one-half  times  as  Ions  u  broad,  finely  striate 
longitudinally,  also  with  transverse  markinga.  Divided  posterior^ 
into  two  unequal  parts  by  a  curved,  chitinous  partition  to  which  the 
zooid  is  attached.  ZotHd  not  protniding  much  beyond  the  aperture 
when  extended;   traoavetsely  Btriate.    Length  of  lortc*  iioii.    Marsh 


304  (203)     With  an  operculum  of  chitin  developed  beneath  the  peristome  and 
dosmg  the  lorica  when  the  animal  is  retracted. 

Pyxicola  Kent. 
Representative  species Pyxicola  carteri  Kent  1883. 


Lorica  KubfvlEndrical,  three  times  bs  long  as  broad,  onteriot  margiQ 
aliehtly  oblique,  walls  undulate.  Pedicel  very  short.  Zooid  extending 
beyond  the  aperture.     Length  ol  lorica  go  11.     Fresh  watei. 

Fio.  sso.    Puiiiala  carUri.    X  ijo.    (After  Seat.) 


Lorica  decumbent 306 

306  (307)    Animal  adherent  to  the  posterior  extremity  of  the  lorica. 

Platycola  Kent. 
Representative  species Plalyccda  decumbem  Kent  1881. 

Lorica  oval,  StprttMd.  Zorrid  extending  considerabiy 
beyond  the  aperture,  the  exserted  poition  being  at  right 
angles  to  the  portion  within  the  lorica.  Length  of  lorica 
go  11.    Fresh  water. 

Fid.  J5I.    Plalyuh  itcumitMi.    x  loo.    (After  Scat.) 

307  (306)    Animal  adherent  toonesideof  the  lorica  which  often  has  a  valvular 

aperture.     Zooid  adherent  to  the  margin  of  the  aperture. 

Lagenophrys  Stein. 
Representative  species.     .    .    .    Lageuopkrys  vaginocola  Stein  1851. 

__^K^  Lorica  elon 

^fl9E»         Boerture.     ^   .. 

n  it  is  retracted.      Zooid  adherent  by  its  narrow  peristome  to  the  ed^e  of 


.    £«fMifAr]u  MfiuMla. 
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rentacles  in  adult 

.      TO9 

ao9  (310)     Tentacles  branched.     Animals  solitary,  ses&ile,  discoidal.  or  sub- 
spherical,  with  the  surface  of  the  integument  indurated. 
Tentacles  flexible,  non-contractile,  finely  perforate  at  their  ex- 
tremities.  Increasing  by  gemmation.    .   DendrocmieUs  Stein. 
Representative  spedes.     .    .    Dendrocometu  paradoxus  Stein  1851. 

Tailacles  equal  in  length  to  the  dumeter  ol  the  body, 
luuBlJy  five  o[  less  id  number.  The  distal  tenninationa 
of  Ibc  tentacles  are  capable  of  great  eipaniiOD  and.  b> 
nnni  ol  these,  otfaei  Protozoa  are  captured  and  the  pro- 
toplasm of  their  bodies  absorbed  into  the  body  of  tbc 
bi»t.  Nucleus  Hibtriangular.  Diameter  ol  body  80^. 
Fresh  tialer.  sometime*  aitacfaed  to  Gamrntrtu  fultz.  a 
Ircsh-vatei  shrimp. 

FlC.  SS3-    DtadrntmHa  tarattau.     X  iTo.     (AilB  Stein.) 


Tentacles  imbranched,  contractile. 
Without  a  lorica 


With  a  stalk.  Body  spherical  or  pear-shaped.  Tentacles  knobbed, 
scattered,  or  in  groups.  In  some  species  the  animal  may 
become  detached  from  the  stalk  and  live  a  free  life. 

Podopkrya  Ehrenberg. 

Representative  species i>«fi?/>Arya^3i]  Mtiller  1786. 

Stalk  slender  but  rigid.  Tentacles  slender, 
scattered  over  the  surface  o(  the  body,  tisually 
not  longer  than  the  diameter  of  tbe  body.  Nu- 
cleus oval,  central.  Contractile  vacuoiea  ollen 
two.  Diameter  of  body  55  )>.  Attached  to  aquat- 
ic plants. 

Fig  iu-    P'itH'yafit.    Active  indlvlduili. 


313(313)    Without  a  Stalk 214 

314  (315)  Forming  colonies.  Animals  fused,  forming  an  erect,  branching 
colony.  Several  colonies  may  be  connected  by  a  creeping 
stolon.    Suctorial,  capitate  tentacles  borne  on  the  ends  of 

the  branches ,    .    .    .    Dendrosotna  Ehrenberg. 

Representative  spedes.   .    .     Dendrosotna  radians  Ehrenberg  1838. 


Stolon  repent,  giving  rise  to  a  number  of  erect  branches 
tspering  distally,  themselves  often  branched.  Nucleus  ribbon- 
like,  ramilying  into  tbe  branches.  Contractile  vacuoles  nu- 
merous. Height  of  colony  1000  to  9500  11.  Attached  to 
aquatic  plants. 

Fic.  ]};.    Dmireuma  ndiami.     X  10.     (After  Blochmun.) 

315(314)    Not  forming  coloniea 3i6 
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316  (317)    Tentacle  one,  consisling  of  a  single,  movable  anterior  process. 

Parasitic  on  Cyclops Rkyncheia  Zenker. 

317  (316)    Tentacles  aumerous 3i3 

318  (319)    Body  spherical,  never  fined;   knobbed  tentacles  arising  from  alt 

sides Sphaerophrya  ClaparMe  and  Lachmann. 

Re[HeseiitaUve  species.  .   .  .    Sphaerophrya  magna 'M.a.wpa&\9&i. 


Tralaclts  not  cirMdinf  Gfly  in  number:  when  Tully  atcnded, 
rquil  in  Imttlh  to  thr  dianieter  o(  the  body.  Rrpioduction  bas 
brcD  obwrved  la  lake  place  liy  iraosvene  division.  Diameler 
□(  body  40(j-     Frrsh  water. 

Ym.  556.    SHatttpio'  hmcm.    x  500.    (ACIa  Coon.) 


319  (218)    Body  irregular;  knobbed  tentacles  arising  from  the  lobes  of  the 

margin  of  the  body.    Attached  by  the  broad,  lower  surface. 

Trickophrya  ClaparSde  and  Lachmann. 

Representative  species Trkhopkrya  sinuosa  Stokes  1886. 

Body  flattened  with  lobed  marxlns.    Usually  not  more  than  five 

clusters  of   tentacles.      Nucleus  braoched.      Contractile  vacuote* 
I-costb  SS  H.    Attached  to  aquatic  plants. 

Fid.  ij).    Tritketkrya  amuts.     X  115.    (Alln  Slokn.1 


310  (an)    Withalorica 331 

331  (334)    Lorica  sessile. 333 

333  {223)    Usually  cup-shaped  or  subspherical;  tentacles  suctorial,  sometimes 

in  groups SoUnophrya  ClaparMe  and  Lachmann. 

Representative  species Solenophrya  pera  Stokes  1885. 

Loijca  itr^tularly  cubical  or  satchel -shaped,  hyaline,  widest  at  the  bate 
of  attachment,  narrowing  anteriorly,  with  the  sides  somewhat  concave. 
Zooid  oval,  not  sttachol  to  bottom  of  lorica.  Tentacles  arising  from  the 
entire  frontal  border.  Two  individuals  often  in  the  same  lorica.  HdgHt 
of  lorica  40 11.  Width  and  length  nearly  the  same  as  hdght.  Attachea  to 
aquatic  plants  in  standing  water. 

Fic.  sjg.    Stlaufkrya  fn,     x  93;.    (After  Slskn.) 

323  (333)    Posterior  end  of  the  body  prolonged  into  a  projection.    Attached 
to  EpUlylis.    Two  to  five  long,  »mple  tentacles. 

Umula  Clapar^e  and  Lachmann. 
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334  (an)  Lorica  with  a  stalk.  Body  may  or  may  not  fill  the  lorica.  The 
end  of  the  lorica  may  be  open  or  provided  with  slit-like 
openings  through  which  the  tentades  extend.  Tentacles 
suctorial,  knobbed,  scattered,  or  ii 


Representative  species Acineta  fitmatiiis  StolLa  iSSs. 


Lorica  subtiianguki,  compreiMd,  vay  delicate,  widest  ao- 
terioily,  tapering  to  the  attachmeot  with  the  (talk.  Stalk 
abocter  than  the  lorica.  Two  aaterolateral  openingi  for  the 
teniades.  Zmtd  uiually  gllin^  the  lorica.  Length  of  lorica 
40  to  So  fi.    Attached  to  aquatic  plaota. 

Fto.  SS9.    .fcMctajliinaliUi.     X  i'S-    CAflet  Stoba.) 
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CHAPTER  X 
THE   SPONGES   (PORIFERA) 

Bv  EDWARD  POTTS,*  Media,  Pa. 

The  zoophytes  or  plant  animals  of  the  old  zoologists  or,  as  they 
are  now  more  correctly  designated,  the  separate  groups  of  sponges 
and  coelenterates,  are  represented  in  the  fresh  waters  of  North 
America  through  a  very  narrow  range  both  of  genera  and  spedes. 
Sponges  alone  constitute  the  topic  of  this  chapter.  The  student  of 
f  re^-water  sponges  must  not  expect  to  find  them  resembling  in  ap- 
p>earance  the  familiar  forms  of  commerce,  which  in  fact  are  exclu- 
sively of  marine  origin.  Nor  should  he  took  for  shapeless  masses  of 
jelly;  such  may  be  found,  but  they  are  not  sponges.  Yet  as  animal 
organisms,  sponges,  whether  fresh-water  or  marine,  are  essentially 
alike.  Infinitely  variable  in  form  and  external  appearance  and  in 
the  character  and  constituents  of  their  skeletal  structure,  the  vital 
parts  that  have  clothed  them,  or  do  still  clothe  them  if  examined 

'  in  life,  are  composed  alike  of  protoplasm  or  sarcode.  This  forms 
the  delicate  tissues,  structureless  except  when  viewed  through 
powerful  lenses,  and  builds  up  the  inert  framework  whether  it  con- 
sists of  tough  elastic  fibers,  as  in  the  commercial  sponge,  or  is  the 
fairy-like  structure  of  flint  or  lime  belonging  to  other  sponges 
foxmd  in  the  ocean,  or  forms  skeletons,  as  in  our  fresh-water  forms 

,  so  far  as  known,  always  of  silex.  The  active  life  work  of  sponges 
it  is  impossible  to  see  with  the  naked  eye  and  very  difficult  to  study 
even  under  the  miaoscope.  Certain  collared  cells  by  means  of 
waving  flagella  feed  the  sponge,  reject  intrusive  matter,  and  create 
*  The  death  of  Mr.  Pom  just  after  the  first  maousmpt  ol  the  cfaaptei  had  been 
■ubmiLted  laid  upon  me  the  duty  of  brioging  it  into  cODformit?  with  the  other  chapters 
of  the  book  without  bis  help.  I  have  endeavored  to  do  this  with  the  least  pos^le 
change  from  the  oiigioal.  To  make  sure  that  no  error  wu  wmmitted  in  the  process 
I  secured  the  ud  of  Dr.  N.  Annandale,  Calcutta,  India,  (or  whose  kind  assistance  I 
amdeeply  indebted.  Fortiiepresent  foimof thekeyMr.Pottsistnnowisere^xinsible. 
I  am  also  indebted  to  Professor  Frank  Smith  for  valuable  unpuUished  data  in  regard 
to  distribution.  —  Heksy  B.  Wakd. 
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the  currents  that  traverse  the  canals  of  the  body.  While  the 
action  of  these  flagella  is  invisible  to  the  unaided  eye,  their  effect 
may  be  seen  if  some  finely  divided  carmine  is  added  to  the  water. 
The  particles  are  sucked  into  the  little  pores  over  the  surface  and 
after  long  wandering,  having  proved  indigestible,  are  ejected  from 
the  larger  orifices. 

The  skeleton  of  these  siliceous  sponges,  the  only  part  that  can  be 
easily  preserved  for  study,  is  composed  of  spicules  or  little  needles 
of  hydrated  silica  (opal),  averaging  about  one  one-hundredth  of  an 
inch  in  length,  fasciculated  or  bound  together  side  by  side,  but  break- 
ing joints,  to  form  threads  of  considerable  thickness  along  the  princi- 
pal lines  of  the  sponge  growth  but  thinner  in  the  connecting  links 
that  make  the  interspaces.  The  binding  material  along  these 
threads  is  not  strong  and  its  composition  is  not  certainly  known. 
The  terminal  ^icules  projecting  around  the  sponge  uphold  the 
filmy  dermis  a  little  above  the  firmer  body  of  the  sponge.  Where 
the  larger  channels  unite  to  form  the  efferent  osteoles  the  out- 
flowing currents  stretch  this  dermis  into  little  cylindrical  tubes  or 
towers,  technically  called  chimneys,  with  terminal  openings  through 
which  one  may  often  see  rejected  particles  shot  out  as  from  the 
crater  of  a  volcano. 

A  few  fresh-water  sponges  in  some  situations  seem  to  be  essen- 
tially perennial;  others  die  in  hot  countries  at  the  onset  of  the  sum- 
mer season,  or  among  us  at  the  coming  of  winter,  or  are  broken 
up  by  floods,  floating  ice,  etc.,  so  that  for  a  season  they  disappear 
from  view.  The  ordinary  annual  revival  of  sponge  life,  the  growth 
after  winter  or  after  a  period  of  desiccation,  is  provided  for  by  the 
germination  of  many  seed-like  bodies,  called  gemmules;  these  may  ' 
generally  be  found  when  the  sponge  matures,  fixed  as  a  pavement 
layer  at  the  base  of  the  sponge  or  distributed  amongst  its  tissues. 
The  living  cells  enclosed  in  these  are  protected  by  a  firm  chitinous 
coat  or  shell  that  is  again  surrounded  by  a  crust  composed  of 
minute  air  cells,  which  float  the  gemmules  and  promote  their  distri- 
bution to  distant  places.  A  variety  of  minute  spicules  is  normally 
foimd  embedded  in  this  crust  as  described  under  individual  species 
in  the  key. 

Whenever  the  favorable  season  arrives,  that  is  in  most  regions 
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when  qmng  comes  or  when,  in  dry  regions,  the  occasional  floods 
reach  them,  the  gemmules  in  the  pavement  layers  are  supposed  to 
germinate  where  they  were  deposited;  the  floating  kinds,  set  adrift, 
lodge  upon  any  suitable  surface  and  begin  their  seasonal  growth. 

Each  gemmule  is  provided  with  a  foramen,  or  a  foraminal  aperture, 
sometimes  plain,  but  often  more  or  less  tubular,  through  which 
the  growing  cells  usually  escape  by  amoeboid  action  and  appear 
as  a  deUcate  creamy  film  surrounding  the  genunule.  Sometimes, 
however,  they  escape  by  the  rupture  of  the  whole  genmiule.  Where 
this  is  part  of  a  pavement-layer  or  one  of  a  group  of  detached  gem- 
.  mules  the  escaping  currents  flow  together  as  a  filmy  mass,  sometimes 
rounded  up  like  a  small  pea,  otherwise  as  a  spreading  film  or  like 
the  wandering  trail  of  slime  left  by  one  of  the  larger  snails.  The 
appearance  of  the  yoimg  spicules  is  nearly  coincident  with  the 
escape  of  the  cells  and  they  at  once  begin  to  arrange  themselves 
according  to  the  habit  of  the  species,  forming  a  network  over  the 
supporting  surface,  upon  which  is  built  a  superstructure  suggesting 
that  of  our  modem  steel-framed  buildings.  Special  interspaces 
become  the  chambers  lined  with  the  collared  flagellate  cells  already 
mentioned.  The  action  of  these  flagella  creates  currents  of  water 
flowing  in  through  myriads  of  almost  invisible  pores  in  the  cover- 
ing, bearing  food  particles  to  nourish  the  growing  sponge  and  then 
carrying  off  and  discharging  useless  matter  through  the  larger  canals 
by  the  efferent  osteoles  already  mentioned. 

The  study  of  fresh-water  sponges  should  begin  here  and  follow 
the  cycle  of  growth  from  gemmule  to  gemmule,  watching,  if  it  be 
possible,  even  the  development  within  their  own  especial  cells  of 
the  various  classes  of  spicules,  observing  in  the  autumn  the  gradual 
gathering  together  of  the  germ  cells  before  they  are  shrouded  in 
chitin  or  committed  to  the  waters  within  their  floating  crusts. 
Under  favorable  conditions  and  constant  as  well  as  careful  control 
much  of  this  work  may  be  made  independent  of  the  seasons,  after 
germinating  the  fresh  gemmules  in  shaUow  glass  dishes  at  home, 
and  in  a  smaU  way  afford  excellent  opportuiuty  for  study;  but  it 
will  not  be  found  practicable  to  grow  sponges  in  aquaria  excepting  as 
smaU  fragments  in  very  large  bodies  of  water  or  in  vessels  in  which 
the  water  is  constantly  or  frequently  renewed. 
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Those  who  wish  to  gather  ^>ecimens  for  their  cabinets  or  design 
to  determine  genera  and  species  must  await  the  maturity  of  the 
various  specimens.  Observation  seems  to  make  it  probable  that 
the  rarer,  filmy  sponges  complete  their  growth  and  mature  their 
gemmules  earlier  than  the  more  lusty,  massive  forms.  The  gem- 
mules  of  the  former  have  often  been  seen  in  August  or  September 
resting  in  slender  lines  upon  standing  or  floating  timbers  from 
which  the  rest  of  the  ^x>nge  has  disappeared,  though  the  coarser 
forms  are  frequently  immature  late  in  November.  These  dates 
hold  true  for  the  northern  United  States  generally  and  would  of 
course  vary  in  other  parts  of  the  world;  but  there  are  undoubtedly  - 
individual  re^ons  of  extreme  or  atypical  climatic  conditions  within 
our  own  area  where  the  sponge  calendar  v/ben  worked  out  will  show 
a  distinctly  individual  aspect. 

A  hint  as  to  hopeful  localities  for  collecting  may  suffice.  Do  not 
waste  time  in  hunting  along  sluggish  streams  or  in  shallow,  muddy 
ponds,  where,  even  if  the  sponges  start  to  grow,  they  will  soon  be 
suffocated  by  gravitating  particles  of  earthy  matter.  A  reserva- 
tion should  perhaps  be  made  in  favor  of  the  lower  sides  of  floating 
timbers  that  have  long  lain  in  the  water,  since  here  gravity  protects 
instead  of  injures  the  sponges.  Only  one  other  caution  seems  neces- 
sary. As  all  known  fresh-water  sponges  are  siliceous  the  student 
will  probably  fail  to  find  them  in  waters  strongly  impregnated  with 
carbonate  of  lime,  though  they  are  recorded  from  such  places. 

Perfect  drying  is  to  be  recommended.  The  proper  classification 
can  be  as  readily  determined  from  dry  as  from  fresh  sponges  and 
it  is  only  when  a  specimen  has  some  novel  character  or  specific 
form  that  it  is  worth  whilb  to  preserve  it  in  alcohol.  When  a 
wrapper  is  necessary  for  transportation  or  otherwise,  be  sure  to 
use  soft  paper,  rather  than  cotton  or  sawdust. 

Other  features  having  proved  indeterminate  or  unreliable,  the 
system  is  based  upon  the  shapes  and  positions  of  the  minute  spicules 
found  embedded  in  the  gemmule  crust.  As  these  can  only  be  sat- 
isfactorily seen  when  the  impenetrable  crust  is  made  transparent 
or  removed,  three  microslides  from  each  specimen  must  be  pre- 
pared to  determine  the  forms  of  the  skeleton,  the  dermal  or  flesh, 
and  the  gemmule  spicules. 
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Provide  a  half  dozen  or  more  short  test  tubes  with  a  stand  made 
by  boring  holes  of  siutable  diameter  in  a  piece  of  inch  board. 
First  make  sure  that  you  have  in  hand  parts  of  the  same  sponge 
only.  Place  in  the  first  tube  a  dozen  or  mofe  clean  gemmules, 
some  of  them  cut  in  half  with  a  sharp  knife,  and  about  an  equal 
bulk  from  the  remainder  of  the  sponge;  cover  with  a  few  drops  of 
strong  nitric  add  that  has  been  previously  brought  to  a  boil  in 
another  tube  and  set  aside,  the  purpose  being  to  corrode  away  the 
crust  but  not  the  chitin  of  the  gemmules.  In  a  few  minutes,  when 
most  of  the  gemmules  incline  to  settle  at  the  bottom,  pour  off  the 
add  into  the  next  tube,  wash  carefully  with  several  lots  of  pure  water, 
replace  it  with  alcohol  and  set  the  tube  aside  to  settle.  Put  into 
the  add  in  the  second  tube  a  small  quantity  of  all  parts  of  the 
sponge,  adding  more  add  if  necessary,  and  boil  carefully  over  a 
^irit  lamp  to  thorough  disintegration.  When  that  is  effected  fill 
this  tube  also  with  water  and  set  it  aside  to  settle.  The  smaller 
^icuies  settle  very  slowly.  It  may  be  well  to  shake  the  tube  a  little 
in  order  to  separate  the  darker  partides  from  the  pure  white.  When 
the  mass  has  settled,  carefully  pour  off  the  water  with  the  impuri- 
ties, wash  the  residue  with  fresh  water  and  let  it  stand,  after  which 
a  mount  may  be  made  from  this  tube.  Spread  the  spicules  evenly 
and  not  too  thickly  on  a  sUde,  and  let  them  dry  thoroughly  before 
adding  balsam  and  a  cover  glass.'  This  amount  will  of  course  fur- 
nish an  epitome  of  the  sponge  but  will  not  show  the  exact  relations 
of  the  minor  spicules  to  the  gemmules.  This  can  only  be  seen  after 
two  or  more  applications  of  alcohol  to  the  first  tube  have  removed 
the  add  mixture;  to  keep  out  the  air,  cover  with  benzol  until  fully 
ready  for  the  balsam.  Distribute  a  few  of  the  gemmules,  with  some 
spicules,  upon  a  second  slide  and  mount  in  balsam  before  the  air 
penetrates  them.  A  fragment  of  the  dry  filmy  dermis  mounted  in 
balsam  will  determine  the  presence  or  absence  of  dermal  spicules 
and  fix  positively  the  standing  of  the  sponge  according  to  the  key. 

If  all  the  smaller  spicules  distinguished  by  this  process  are  acer- 
ates,  that  is,  more  or  less  cylindrical,  whether  straight  or  curved, 
smooth  or  spined,  pointed  or  abruptly  terminated,  the  specimen 
under  examination  may  unhesitatingly  be  placed  in  the  genus  Spon- 
gUla.    All  others,  unless  entirely  novd,  will  show  some  modification 
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of  the  birotulate  form,  i.e.,  two  little  wheels  or  rotules  connected  by 
a  shaft,  and  on  the  numerous  variatioDS  of  these  parts  depends  the 
portion  of  the  spedes  in  the  key. 


KEY  TO  NORTH  AMERICAN  FRESH-WATER  SPONGES 
1(13]     Gemmulcs  with  acerate  ^icules  only.  .    .  SpongiUa  haiaazck    .    .     a 

SpoDgiUidae  vitli  Irag  apiiutle-ihapcd  9kdet<ia  apiculn,  nucrosdens.  having  pointed  or 
rounded  ends,  ukI  often  aba  with  minute  simple  flesh  spicules,  or  microacleres.  Gemmules 
naked,  or  with  encraal  ait-cell  layer  containing  iliabdi,  or  rod-like  ^culet. 


a  (s)    Sponge  biunchiog 3 

Abnormal  forms  of  5.  /onuMi  occur  b  which  tlicfe  ar 


3(4)     Flesh  spicules  smooth Spongilla  aspimaa  Potts  iSSo. 

Sponge  evergreen,  encrusting,  thin,  sending  out  numerous  long, 
slender  waving  bnnchn  [ram  a  relative^  tluck  basal  membiuie. 
Gcnunules  (ew,  in  scattered  branches.  Skeleton  qicules  smooth, 
straight  or  slightly  curved,  rather  abruptly  pointed.  Dennal  spic- 
ules minute,  smooth,  straight  or  curved,  slender,  gnidually  pointed. 
From  dear  standing  water  in  New  Jersey  and  Virginia. 

Fk>.  560.  Spicules  of  Sttntilla  si^wh.  Four  types  of  ipiculei  Gcuted 
ben:  ordiouy  skeleton  spicules  abruptly  pointed  at  both  ends;  sktieton 
^iaik.  icute  or  munded  it  one  end;  msltorawtioBs  of  tkeletiin  tpicuk*. 
with  pnceBB  at  or  near  one  end;  unaU  smooth  dennal  spkuks;  ^obulsi 
ot  disoHdiil  msun  ol  bUcs  ttequently  obgened  hi  this  spedes.  X  loe. 
(After  Pott*.} 


4(3)    Flesh  spicules  spined Spongilla  laaufris  (Linnaeus)  ij^s- 


Branches  cylindrical  01 
danl.    Gemmules  either 

without  a  granular 


'lo.tSi.  Skeleton  andgem- 

liiia  lociiitru.  vaz.   ssoh- 
huu.XiooL  (After  Potts.) 


Skeleton  spicules  smooth.  Dermal  spicules  pointed  siined  acer- 
ates.  Gemmule  spicules  whether  few  or  many  generally  cylin- 
drical, more  or  less  curved,  rather  sparsely  sfirincd.  From  Boston, 
Mass.,  to  McDonald  Lake,  Alaska,  in  an  infinite  number  of  aitua- 
tiona  and  variety  of  [orms.  The  variety  paufttaiia  Bowerbank, 
made  an  independent  spedes  SpotigiUa  pauperctila  by  Carter,  "is 
perhaps  that  one  of  this  group  of  synon^s  about  whose  identity 
with  S.  lacuilris  there  niay  be  mou  hesitatian.  Its  character  is  sotoe- 
what  anomalous,  as  its  locality  and  associations  sic  peculiar.  Grow- 
ing originally  in  the  ponds  and  rvservoJis  tributai?  to  the  Boston 
Water  sniffy.  Bailey  wrote  in  1856  that  it  grew  abundantly  in  tbe 
waterpipes  by  which  the  dty  was  supplied  with  water  from  a  small 
lake.  The  minute  acetates  were  said  to  have  been  smooth  which 
would  separate  it  clearly  from  S.  focwiMi,  but  Fotts  was  unable  to 
secure  materiiU  (ram  the  original  hx^ty  whidi  bore  out  the  ooa- 


5  (i)    Sponge  without  branches 6 

6  (9)    Gemmules  in  layers  or  groups. 7 
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7  (8)    Tubules  of  gemmulea  turned  upward  or  outward  from  the  groups. 

Spongilla  fragilis  Leidy  1851. 
SnoDgc  encruiHnE  in  subcircular  patches,  thin  at  edees.  occanonally  one  or  more  inches 
(hid!  near  the  middle.  In  the  moS  varied  aituxioos.  apparently  preferring  ituidinK  water, 
tbougb  also  in  ninaing  mtec  Abuodaat.  Gemmules  abundant,  primarily  in  one  or  more 
pavement  layera.  Also  in  compact  groups  surrounded  by  a  cellular  parenchyma  charged  with 
■ubcylindrical  spined  aceralea.  Skeleton  ipicules  snicx>tb,  sliebtly  curved,  rather  abruptly 
pointed.    True  dcrmab  vautins.    Found  in  most  of  the  United  States. 


Pio.jSi.  StntilbifntiUi.   .t .  Section  of  (roup  of  gei 
ward;  j.esv^  with  ucrateaiiiaiteg.    X  ii.   £.  Three 


lornu  f  requeatiy  ie 

8  (7)    Tubules  of  gemmules  turned  inwards  m  the  groups. 

SponpUa  iglomformis  Potts  1887. 

Sponge  brown,  thin,  encrusting,  Gemmules  in  compact  hemiaphericd  groups  of  ^ht  to 
twelve  or  more,  resting  on  the  flat  side,  surrounded  by  a  paicndiynu  of  unequal  cells,  charged 
with  numemus  coarsely  ipined  spicules  nearly  as  long  as  the  rather  lew,  less  strongly  spined 
skeleton  spicules.  On  the  lower  side  of  limbers  in  cedar  swamps,  New  Jersey.  S.  matkayi, 
described  by  Carter  from  Newfoundland,  may  belong  here. 


Ro.  J6j.    Spntilla 


i.  Lateral  view  of  dooie-shtiied  croup 

.     ,-    .  .1    Xis.    B.  Two  typeioCipiculesfigu 

■vakly  qHoed^  ^'paRncbymal  sptcules"  nearly  equally  kuv,  but  "^ ^~' 


'%^f^ 


9  (6)     Gemmules  not  in  layers  or  groups. 

10  (11)    Dermal  spicules  birotulate. 


Spongilia  novae-lerrae  Potts  i836. 

Sponge  encrusting,  genunules  rather  numerous,  very  large,  crust 
aosent  or  inconspicuous.  Skeleton  spicules  reiatively  few,  slender, 
gradually  pointed,  smooth  or  microspined.  Dermal  spicules  very 
abundant,  minute,  birotulate.  Gemmule  spicules  smooth  or  irregu- 
lar, furnished  with  long  spines,  frequently  located  near  the  extremi- 
ties. Placed  by  some  in  genus  Epkydalia,  Found  only  in  shallow 
water  of  lakes  in  NewfoundUnd  [i8*N.  L.). 

Fm.  S64.  Spicules  of  SfentiOa  mnat-lirTVI.  Representing  the  ileiider, 
Kmoth  or  tpaiiely  micTasfsoed  skeleton  iptculea;  the  dcmuil  apmiies,  birot- 
ulatei  ol  unequal   liie:    and  the  viooui  gwiinmli'  apicuka.       X  loo. 


,db,Googlc 


308  FRESH-WATER  BIOLOGY 

II  (lo)    Dermal  spicules  acemte SpongiUa  ungneri  Potts  1SS9. 

■obnst, 
long,  curved.  Spine 
oulhwesUm  Fk>nd&. 


13  (1)    Gemmule  ^>icules  of  birotulate  type,  more  or  less  modified. 

Sub-family  Meveninae  Vejdovsky  .    .  13 

13  (47)    Aperturesof  gemmules  not  provided  with  filamentous  appendages  14 

14(46)    Rotules  of  gemmule  birotulates  nearly  ecjual 15 

15(37)    Gemmule  birotulates  of  a  single  class 16 

16  (19)    Margins  of  rotules  entire,  i.e.,  smooth,  not  serrate. 

TrockospongiUa  Vejdov^y  .  .  17 

17  (18)    Skeleton  spicules  smooth.  .  TrockospongiUa  leidyi  (Bowerbank)  1863. 

Sponge  of  »  peculiar  light  gny  or  dnib  color,  encrusting  thin,  peniiteot.  Gemmules  numer- 
ous, CBch  aurrounded  by  a  cspsuic  ot  slieletoa  spicules.  Slidelan  spicules  sbort,  imooth, 
robust.  Dermal  spicules  wanting,  Gemmule  spicules  short,  birotulate,  margins  entire  and 
exflected.  From  Louisiana  is  well  as  origioal  field  ol  discovery  near  Philadelphia.  Geactally 
distributed  in  the  Illinois  River  from  the  mouth  to  La  Salle  according  Co  F.  Smith. 


(i  qncuks 

■8  (17) 


TnduttaitUia  leidyi.    A 
by  ■  lattice  capwle  <c)  o 

igurcd  here:  iinooth  ikcli 


Uf^w  Hirhtti^of  Pixtin  of  a  tajiR  oF  gemmula,  eacb  o(  irhich  b 


noblinj  tb«e  □[  the  ikditon 
inipdy  poiDted;  i 


Skeleton  spicules  strongly  spined. 

TrochospongSta  korrida  (Weltner)  i 


Sponge  encnutinc,  white,  gray,  yellow,  or  brown. 
No  gemmule  spicules  except  birotulates  which  are 

smooth-maigined.  low,  small.  Lives  in  standing  or 
flowing  water.  Rare.  F.  Smith  found  one  ^ledmen 
each  in  the  lUioois  River  near  Starved  Rodi  and  in  the 
Big  Muddy  River  in  loutheni  Illin<rft. 


Fid.  566.    TrackojtmiUa  kerriita.    Spinous  ikdeton 


■(ilE 
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19(16)    Margins  of  rotulcs  seirated  or  incised.   .  Epkydatia  lamovaova.  .  ao 


^  (35i  36)    Dermal  ^ucules  if  present  neither  biiotulate  noc  stellate.  .   .  ai 

31  (33)    Rays  and  spines  of  birotulates  subdivided  and  microspioed. 

Epkydalia  subdimsa  (Potta)  1887. 

Spon^  muBve,  cDcnutiiig,  oomptct.  Gemmulcs  lew.  SkeletM 
tpicules  smooth  ot  micniqiiiKd,  abruptly  poiuEcd.  BirotulaEcs  venr 
Damerous,  robust,  shafts  frequeatly  spuwd;  rays  diort  but  subdi- 
vided.   From  St.  Johns  River  near  Palatka,  Florida. 

Fia.i6T-  Spicules ol £M:ida(ia  wMiWh.  Three  lyiKiof  iiiiiaileBfipitad 
bete:  amooth  ud  wined  ikeletao  qHculee;  kuv,  DUMive  ceakmulc  btrotiv 
tUo.  iiiiiKd  ud  ubi(ii«d:  rotuki  ol  luae.     X  lOO.    (Ahei  Potta.) 


33  (31)    Rays  and  spines  of  birotulates  entire 23 

33(34)    Margins  of  rotules  very  finely  serrate.  .  E^J^ydo/ia  ffliUnt  (Potts)  18S7. 

^0^     ® 


Sponge  cncmstiog.  Gcnunulei  small.  Skdeton  spicule*  nearly 
■trautht.  sleadd.  rather  abruptly  pointed,  entildy  niiciTispiiied. 
Gemmule  bimlulates  very  numerous,  very  symmetrical,  [heir  shafts 
usually  smooth.  Rotules  sometimes  miciospiaed.  From  Sherwood 
I*ke,  near  Deiand,  Florida. 


■h»(tB:  probably  ii; 

~'  ~itiiuCn  Uci~ 

a  Potts.) 


34  {33)     Margins  of  rotules  coarsely  dentate 35 

35(33)    Lengthofbirotulatesnotmarethantwicethediameterofrotules.  .  36 


a6  (31)    ShafU  of  birotulates  generally  si 


37  (30)    Skdeton  spicules  smooth. aS 

38  (39)     Shafts  of  birotulates  much  longer  than  diameter  of  rotules. 

Ephydatiajluviatilis  (auctonim), 

Spooge  aciiile,  massive,  nnly  throwing  out  short  branches  an  Inch  or  less  in  length.  Pre- 
fers standing  water.  No  vescular  cells  in  puencfayma.  Gemmules  numerous  throughout. 
^teleton  spicules  smooth.  Denuat  spicules  wanting.  Rotulea  o(  gemmule  s;»cules  not  deeply 
Indented.  Numerous  varieties  the  occurreace  of  which  in  North  America  bu  not  been  accu- 
rately recorded.  The  form  which  Potts  describes  as  present  generally  throughout  the  eastern 
and  middle  United  States  is  declared  by  Weltner  to  be  Epkydalia  milUeri,  (he  second  foUowinit 
spede*.  The  (rue  E.fiianaiUis  is  (aund  ia  Michigan  and  llUnois,  and  is  lairly  common  though 
not  so  abundant  as  E.  nUUltn  (fide  F.  Smilhl. 
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39  (z8)    Shafts  of  birotulates  slightly  if  any  longer  than  diameter  of  rotules. 
Ephydatiajaponica  (Hilgendorf)  1883. 

Much  like  B.  fiueiMilis.  Dermal  sincules  wanting.  Birotiilal»  with  jmooth  shaft,  short, 
never  formiDg  more  thaa  a  single  t&yer  on  the  gemmule,  Rotules  deeply  indeated.  Gem- 
mule  with  ibort.  straight,  broad,  very  delicate  foiainiaal  tubule.  In  Potonuu:  River,  near 
WaihiostoD,  D.  C. 


Pro.  ]69.    Bpkfiaiia  jaf''"-    Gemmule, 


birotulato.  X  iioi  akdHoa^siHcuIa.  > 


30  (27)     Skeleton  spicules  microspined  except  at  tips. 

Ephydatia  miiUeri  (LieberkUhn)  1856. 

Spooge  cushionlike,  rarely  branched.  Vesicular  celts  abundant 
in  the  parenchyma.  Derma]  spicules  wanting.  Shafts  of  gemmule 
birotulates  not.  or  barely,  longer  than  diameter  of  rotules.  Rotules 
deeply  inctented.  Eastern  and  Central  United  States;  Nova  Scotia; 
Newfoundland;  Vancouver  Island.  Found  by  F,  Smhh  at  Douglas 
I^ke,  Mich.,  and  ToUand,  Col. 

Fic.  S70.    SpkulHol  Epiyialiam 

formed;  group  of  rotuUe;  sin^  njt^ 
tbereyt.    X  ijo.    (After  Potts.) 


iJkri-    Three  types  of  spicules  figurtd 
et  ibowina  aa  onUnuy  dutribution  g| 


31  (16)    Shafts  of  birotulates  with  eaonnous  spines. 

Ephydatia  robusla  (Potts)  1887, 

NX    j,^ ^."ly^  Sponge  masiive,  encrusting,  thin.     Gemraules  scarce.     Skeleton 

y.^^Vvre-<?'^^  sracules  pointed,  smooth.     Birotulates  large,  generally  malformed. 

yK*    Vv^      ^  1>  Shafts  abounding  in  spines  as  long  as  rays  of  the  rotules.    Collected 

S     y/x\^  ^?  near  Susanville,  California.   Perhaps  only  a  variety  of  £.JI«»io(ilM. 

//  \\  Fic.  S7J.    Spicules  of  Bpkydaha  nbiuta.    Three  types  of  apicules  figured 


rotuia;  ciceediDgiy  niiislupen  forms 


33  (15)     Lengthofbiiotulatesmore  thantwice  thediameteroftberotules.  .     33 

33  (34)     Birotulates  two  or  three  times  longer  than  the  diameter  of  the  rot- 
ules  Ephydatia  subtilis  Weltner  1895. 

Sponge  thin,  encrualing.  Skeleton  needles  extremely  slender,  scantily  covered  with  short 
spioea.  Dermal  spicules  wanting.  Gemmules  small,  spherical;  foramen  a  simple  pore,  or  a 
very  short  tube.  Birotulates  delicate,  slender,  of  variable  length;  shaft  tbio,  smooth,  long. 
Rotules  small,  split  nearly  to  the  center,  with  10  to  30  blunt  rays.     Kiaaimee  Lake,  Floiida. 

No  figure  yet  published. 
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34  (33)    Birotulates  many  times  longer  than  diameter  of  rotutes. 

Epkydalia  craterijormis  (PotU)  iSSa. 


r,  rradusUy  pointed,  spanely  microspiiiRl.      Birotulates  very  iaaz  anil  sloider,  ihafu 
iDtJy  apiiud.    Roculin  of  tbrec  to  sii  short  recurvfd  hoolu.    In  sballoir  water,  rapidly 
Bowing;  Schuylldll  and  Delaware  Rivers,  PoiniylvanU.      Found  tv 
P.  Smith  in  the  SaagamoD  River.  Bl. 

Annandale  places  this  species  in  SfimpUa  owing  to  the  impeifect 
development  o[  the  rotules  (see  Fauna  of  British  India;  Freih-watet 
Sponges,  igii,  p.  8j). 
Bowerbank,  in  1863,  described,  under  the  nunc  of  SfmtiUa  bait- 
it  ■  ipoDge  from  a  stream  at  Canterbury  Road,  West  Poinl,  N.  V., 
.1.1 i._  .1 |]^  species.     The  descijptiix^  '"  '"  '" 


complete  to  allow  ol  a: 
qiWtecJbyPottadSS;: 


■'7) 


te  delerminalioD.    His 


35  (>cii  36)    Dermal  spicules,  minute  birotulates. 

Epkydalia  eoereUi  (Mills)  1884. 

Sponge  green  consisting  entirely  of  slender  filaments,  little  more 
than  a  sixteenth  of  an  iach  in  diameter.  Gemmules  few,  but  usu- 
ally Large  with  a  thidt  cnist.  Skeleton  spicules  slender,  cylindrical, 
■mootb.  Dcnnal  spicules,  minute  birotulates  with  slender  (ylindrical 
shafts  and  cap-hke  rotutes  notched  Into  five  or  six  hooks.  Gemmule 
birotulates  lonK  and  dub-like;  shafts  smooth  and  aleiidet;  rotuies 
formed  of  Rve  or  six  stout,  recurved,  acuminate  hooks.  In  arid 
water,  Berkshire  County,  Mais.,  and  Nova  Scotia. 

Fm.  s 

ben:  ini 

fNmeil  of  hooked  n, 


36  (jo,  3s)    Dennal  spicules  stellate Dosilta  Gray. 

Only  spedes  yet  reported  in  the  United  States. 

Dosilia  pdmen  (Potts)  1885. 
Sponge  massive,  subspherical,  lobate.   Skeleton  niicules  «p«nely 
ed,   giadually   pointed.     Dennal  s^culea  star- 
of  a  variable  number  of  arms  of  vanoiu  lengths. 


radiSSi^ 


>th  globular  body;  arms  sjMued  througb- 
_  _;.  Gonmule  birotulates  with  long  spincd  siiafls.  rotuies  notched. 
From  Colorado  River,  60  miles  below  Fort  Yuma,  attached  to 
pendent  branches  Hooded  by  spring  freshets. 

In  the  opinion  of  ADoaodale,  Potts'  var.  palmtri  a  a  differoit 
species  from  Carter's  f^utiusa  from  India.  He  has  seen  types  of 
both  and  is  confident  both  belong  to  Doiiiia. 

'■  S74-  SpEculs  of  Doiilia  faliiuri.  Five  tnies  of  apkulea  Gguttd 
rptwl.  Bucroapioed  ikelelon  ipicuk;  spiDHf  ge moiule  birotulita; 

M  of  same,  irregularly  Dotcbed;  substellatc  dermal  spicules;  imperfect 
of  same  with  only  11 "  " ■""  "  '"" —    — ■""  ' 

1.    fAlter  Potts.) 


lal  spicules;  ii 
Met  terrier' 


37  (is)    Gemmule  birotulates  of  two  distinct  classes 

38  (41)     Dermal  ^icules  stellate Asteromeyenia  Annandale. 

le  ipicule*  o(  two  distioa  types  and  free 
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39  (40)    Terminal  spines  of  longer  gemmule  spicules  with  a  simple  curve. 

,  Asleromtymia  piumosa  (Weltner)  1895, 

Sponge  massive,  though  brittle  &nd  friable. 
Skeleton  spicules  slender,  smooth,  sharply  pointed 
at  both  ends,  nearly  straiaht.  Shift  o(  [oag  birot- 
ulates  almost  smooth,  slender.  ■Iraighl:  lotules 
a  circle  of  curved  hoolii,  joined  at  Ibe  btue. 
Short  birotulalea  with  stouter  shafts,  profusely. 
Irregularly,  and  strongly  signed :  rot ules  not  mark- 
edly convex  io  profile,  im^ularly,  narrowly,  and 
deeply  lerratea.  Free  spicul^  very  minute, 
abuodant,  resembling  those  of  DosOia.  Gem- 
mukes  larse,  sphericaX  with  single,  very  small 
apeflure  having  short,  straight  foramiual  lubule. 
nom  Pinto  Creek,  Kinney  County,  Tex,,  and 
Sbrcvcport,  La.;   one  ^>edmen  measured  ig  x 


^ 


£,ikehl 


40  (39)     Terminal  spines  of  longer  gemmule  spicules  distinctly  recurved. 
Asleromeyenia  radiospicidala  (Mills)  I 


Rewmbles  A.  fium 

gemmule  spicule  have ,.     

nois.    At  Granite  City,  III..  Bpecimens  were  taken  from  settling 
tanks  of  the  dty  water  worka.  measuring  41  x  11  x  S  on. 

Fig.  516.    Spicules ol  / 


41  (38)    Dermal  spicules  acerate  if  present.    .   .  HelerotMyenia  Potts  .   .  43 

Spongillidae  producing  gemmules  with  birotuhte  SfHCules  of  two  distinct  daises,  long  and 
short.    Margins  of  rolules  not  smooth  but  dentate  or  incised. 

43  (43)     Rotules  of  gemmule  spicules  of  smaller  class  finely  serrated. 

Heteromeyenia  ryderi  Potts  i88j. 

Sponge  massive,  often  hemispherical.  Gemmules  numerous,  trust 
thirk.  foramina  short  and  inconsiriaious.  Skeleton  spicules  grad- 
ually pointed,  entirely  s[Nned  except  at  the  tips.  Dermal  spicules 
wanting.  Shafts  of  long  birotulates  spined,  rotules  ol  three  to  sil 
abort  recurved  hooks,  sometimes  umbonate,  RotulesolsmiUI  birot- 
ulates nearly  as  great  in  diameter  as  the  length  of  their  shafts. 
Shafts  smooth  or  with  few  spines.  Shallow  Bowing  water,  Fbrida 
to  Nova  Sa>tia,  and  inland  at  least  as  far  as  Iowa. 


>[  BtUrttrntytma   rydtri.    Four  ty; 

3;  surEiLct  01  rotules.  nur^im  lui 
led;  Hphericii  vuo^haus  ipicuLe. 


43  (43)     Rotules  of  gemmule  spicules  of  small  class  coarsely  serrate. 
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4  (45)    Rotules  of  gcmmule  spicules  of  small  class  re^^dar  musfaroom-shaped , 
shafts  usually  smooth.  .  H eitrprwyenMrepens  Potts  1S80. 

^rnoge  encrusting,  ttuD.    Gcmoiula  not  abundut,    Skdetca 
ipicules  ratber  ileiider,  ipandy  mkioapincil,  graduaJty  poiDtcd. 
Demial  spicules  ncu'ly  ttraigbt,  CDtircIv  ^aed.    Gemmule  birotu- 
■  'anger  diss  oompawtively  few;  shafts,  smoodi  or  with  one 
ooiupkuous  spiDrs  oitea  irregularly  beat,    Rotules  dome- 
rays  incurved  like  fish  books.     Saudi  birotuUtts  very  nu- 
about  two-thirds  the  length  ol  the  large  ones.    Quiet, 
SUgnant  water,  New  Jemy,  PennsylvaniB..  and  Mldugan. 
f;8.    SdIcuIm  of  Bilmmiyaila  nf«i.     Five  types  of  ipicula 

ben:  micnMiiiiied  skckloo  (flcuks:  (emiaukt  b&ntukus  al  the 

looftr  dwa,  with  recurved  booked  nyi;  birotulUes  of  Ibe  tboiter  clus 
iriui  le«  Ennounosd  th-i:  Mules  ol  nam;  Boall  derouil  K^culea.  couidy 
,_.,^      j^,^    (Aft«t  Potts.) 


45  (44)    Rotules  of  gemmule  ^Icules  of  small  class  very  irregular,  shafts 
abundantly  ^»ned.    HeUromeymia  argyrosperma  Potts  1880. 


large.  Foraminal  tubulesaoroewhat  prolonged.  Skeleton  ^cules 
ta^er  slender,  cyliadriol,  abruptly  pointed,  Spusdy  «pin«d. 
Dermal  si^cules  apparently  wanting.  Shafts  of  long  birotulates 
spanely  siined.  JUyi  of  rotules  lew,  totg,  stout,  and  dswlike. 
Short  hinitulates  much  smaller,  abundantly  apined.  From  Pon- 
sylvania.  New  Jetsey,  New  England  Stales,  and  Nova  Scotia. 
Found  1^  F-  Smith  at  Douglas  Lake,  Uicb. 

Fn.  sn.  Spicules  of  BUtnmiyms  tiymtirma.  Thnc  typea  of 
nicules  figured  beie:  ipuidy  nlcnspiMd  Aefctan  siiicuks;  fcmmula 
titDtulala  of  Ibe  loon  elos  with  one  to  tbree  hooked  nys;  ipEiwd  birot- 
ulal«s  oi  tlie  ibonec  dasa.   Xtn.    (After  Potts.) 


46  (14}    Rotules  of  gemmule  spicules  unequal,  the  |»n>xuna]  being  larger. 

Tabella  Carter, 
Only  North  American  spedes  known. 

TubtUa  pentu^amica  Potts  1882. 

Sponge  minute,  encrustiog,  on  stones  or  tfanbets  in  shallow  water, 
(jemmules  very  numerous,  small.  Skdeton  spicules  verj>  variable 
in  length  and  curvature,  entirely  spined:  spines  brge.  corneal.  Der- 
mal spicules  wanting.  Birotulates  ol  gemmules  numerous  with  a 
brge  rotule  oeit  to  the  coat  and  it  small  distal  rotule,  varying  from 
the  diameter  of  the  shaft  to  that  of  the  proximal  rotule.  Mu^  of 
large  rotule  usually  entire  but  msrgin  of  small  often  angular  and 
DoEcbed.  Shaft  smooth.  Averse  to  light  and  found  as  a  rule  under 
ttooes  and  roots.  Eastern  United  States  generally.  Found  by  F. 
Simth  at  Rhioelander,  Vfii.,  and  Douglas  Lake,  Mich. 

(80.  Spicules  of  TaUla  ftmiuyhtmka. 
..^^,..  here:  spined  skdetrai  qdcules;  gemmule  '' 
ttumpet-etiaped  se^cuIcs:  grajp  of  rotuks  Hen  in 
relative  sites  ol  tbc  ntulcs;  suntce  of  lingle  large 

Potts.) 


47  (13)    Apertures  of  gemmules  probnged  and  divided  into  filamentous  ap- 
pendages  Carlerius  Potts  .    -  48 

Gemmules  pnnrti  a  long  foraminal  tubuk,  the  outer  end  of  which  carries  an  iiregulariy 
lobed  disc  at  it  provided  with  long  filaments.  Not  recognized  as  a  sepaiBle  genus  by  some 
nceot  authors  (ae«  Annandale,  igog),  but  distributed  anumg  the  ijrecedtng  gencn. 
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48  {49,  50)    Foramiiul  tubule  very  long  and  slender,  tendrils  short,  irr^u- 
larly  waving.' Carierius  iMsperma  Miia  liSi. 

il  tubule  onc-haU  to  ODce  dkiD- 


u  Bileromeyfii"'  Atlt  smooth  ot  with  <aic  or  mote  ipinet,  totukt  arched,  nyt 

.       E,  incurved.    Aragned  by  Anpairiak  to  genm  BekmuytHia.   Id  Nugan  River, 

N.  v.,  Mussdiuaetts.  uid  Mjchisaa. 


.  PartSil  section  tt  (cmmnle;  M.  Fonmiml  tperlun  ptolooiKl 
iluped  at  its  extRDUty  and  divtded  Lnta  KveraL  ihort  teodnli  id) 
ivptcuka.  X  so-  {After  Potta.)  B.  Tbr« typo  of  ipkuka  fifured 
lulalea;  lace  of  iDtule;  looi  ipuied  ilcDder  dermal  acenlea.     X  loa 


Sponge  oft«n  (ncnuting  ttaaa  ta  r 
peBduci  at  fint  flat  sod  libboo-like, 
Of.  Skeleton  ifiicule*  smooth:  or  si 
long,  entirely  qamd.  Birotulates 
rotula  deeply  cut  and 


CirroiMap- 

lyaubdJvid- 

Dennal  ipiculei 
Rayaof 


FM.  jSi.  Cartiriut  latittmla.  A.  Failial  scctiao  of  (cn 
late  ipkulea;  U).  OM  or  two  lou  and  broad,  ribbon-likedi 
Tine  tyua  ol  (lacule*  figured  Ben:  akeleton  tpiculer,  ge< 
ralulei  iiined  dBimaia.    Xtoo.    (Alter  Potts.) 


el  (a).  (vnmiDal  tubule  abort;  (il.blnM- 
lappcnducB.  Xio.  (Alter  Pntla.)  B. 
Ilk  bintubtei  varubie  in  lengtb;  laca  at 


Digitized  byCoOgIC 


THE  SPONGES  (PORIFERA)  3^5 

50  (48, 49)    Foraminal  tubule  still  shortei;  tendrils,  three  to  five,  very  long 

and  slender Carterius  tmosperma  Potts  iSSo. 

Sponge  fonning  icrcguiar  masa  creepintE  upon  and  utnind  waler  plants  and  roou,  ita  (rt 

auently  encrusting  itones.  Gemmules  rather  numercnn.  Paraminsl  tubules  about  onc'toiirtli 
le  diunetei  at  tbe  gemmules.  Tendrils  as  much  as  half  an  inch  kwg.  Skeleton  spicules  slen- 
der, very  sparsely  microsinned.  graduatl:    --'----'      " '  --— '-  -■—- • '■■  -•— 1->- 

entirely  spited.    Birotulates  with  cylindc 
New  Jersey  and  Eastern  Pennsylvania. 


nirT'tike  ratuki;  eodi  ol  lame;  long,  ■pinoi 
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CHAPTER  XI 

HYDRA   AND   OTHER    FRESH-WATER 

HYDROZOA 

By  frank  smith 

PtafuJM  of  Zeoltty  tod  Curalirr  ^  thi  Uiutam,  UnmnUy  «J  Jttmtti 

The  student  of  the  animal  life  of  the  sea  is  continually  in 
contact  with  a  great  variety  of  organisms  which  have  radial  sym- 
metry and  are  often  striking  in  appearance,  diversity,  and  abun- 
dance. These  were  formerly  included  in  a  great  group,  Radiata, 
but  are  now  separated  into  two  very  distinct  branches  (phyla), 
the  Coelenterata  and  Echinodermata.  The  latter  phylum,  which 
includes  the  well-known  starfishes  and  sea  urchins,  is  wholly  un- 
represented in  fresh  water,  while  the  former,  which  includes  the 
hydroids,  jellyfishes,  and  corals,  with  thousands  of  spedes  in  the 
seas  of  to^ay,  has  in  fresh  water  scarcely  a  dozen  species  and 
these  are  relatively  insignificant  in  appearance.  The  fresh-water 
Coelenterata  are  all  included  in  the  class  Hydrozoa,  and  hydra  is 
the  only  one  which  is  abundant,  widely  distributed,  and  well 
known  to  the  ordinary  student  of  zoology.  Because  of  its  abun- 
dance it  is  the  type  form  commonly  used  in  zoology  classes  as  an 
introduction  to  a  knowledge  of  the  phylum. 

Among  the  more  obvious  structural  or  morphological  characters 
of  hydra  is  the  sac-like  body  with  the  capacious  chamber  which 
is  at  the  same  time  body  cavity  and  digestive  cavity  and  of  which 
the  mouth  is  the  only  opening  to  the  exterior.  The  animal  is 
attached  by  one  end  and  at  the  other  shows  the  mouth  surrounded 
by  a  circle  of  tentacles  which  are  evaginations  of  the  body  wall 
and  are  hollow,  their  cavities  being  continuous  with  the  digestive 
cavity.  The  body  wall  as  well  as  that  of  the  tentacles  is  com- 
posed of  two  cellular  layers,  the  ectoderm  and  entoderm,  sep- 
arated by  a  thin,  noncellular  mesogloea  and  bounded  externally 
by  a  delicate  cuticuta.  In  some  spedes  there  is  an  obvious  dis- 
tinction between  an  adoral  part  of  greater  diameter  and  more 
316 


.dbyCoOgIC 


HYDRA  AND  OTHER  FRESH-WATER  HYDROZOA  317 

granular  opaque  entoderm,  and  a  narrowed  paler  aboral  part 
which  is  teimed  the  stalk.  In  other  species  designated  in  the 
key  as  "not  stalked,"  there  is  no  clearly  marked  division  into 
such  regions.  Highly  contractile  fibers  formed  by  certain  cells  in 
both  ectoderm  and  entoderm  may  bring  about  either  a  great 
elongation  of  the  body  and  tentacles  to  thread-like  proportions  or 
their  contraction  to  an  almost  globular  form.  Certain  kinds  of 
ectoderm  cells,  which  are  most  abundant  in  the  adoral  half  of  the 
body,  especially  in  the  tentacles,  give  rise  to  the  characteristic  ne- 
matocysts  or  "  nettling  cells  "  of  different  shapes  and  sizes.  These 
contain  a  fitiid  secretion  which  passes  out  through  a  thread-like 
extension  of  the  sac  wall,  that  is  forced  out  when  the  cell  is  stimu- 
lated. The  combmed  action  of  a  number  of  these  nematocysts 
on  the  small  organisms  encountering  them  results  in  the  loss  of 
activity  or  even  death  of  the  organisms  and  so  permits  their  cap- 
ture and  appropriation  as  food  by  the  hydra. 

Spermaries  and  ovaries  develop  in  the  ectoderm  layer  and  at  a 
time  of  year  which  seems  to  be  fairly  constant  for  a  given  species 
but  differs  in  different  species.  After  fertilization  the  ovum  passes 
through  the  early  stages  of  development  while  still  in  the  ovary 
and  becomes  enclosed  by  a  chitinous  envelop  which  has  a  charac- 
teristic shape  and  surface  for  each  species.  This  envelop  which 
often  is  spiny  is  referred  to  in  the  key  as  the  embryonic,  chitinous 
membrane.  In  some  species  the  embryos  are  freed  from  the  parent 
organism  and  drop  to  the  bottom,  while  in  others  they  are  fastened 
by  the  parent  to  the  substratum  to  which  it  adheres.  The  develop- 
mmt  is  direct.  In  one  species  (Hydra  oHgacUs)  the  individuals  are 
said  to  be  of  separate  sexes,  or  dioecious,  but  in  others  hermaphro- 
ditism prevails.  Asexual  reproduction  by  budding  is  the  preva- 
lent mode  of  multiplication  and  very  rarely  the  formation  of  two 
individuals  by  a  process  of  fission  has  been  observed. 

Hydra  has  long  been  an  object  of  interest  and  experiment  because 
of  its  notable  powers  of  regeneration  and  form  regulation  and  there 
is  now  an  extensive  literature  dealing  with  these  phenomena. 

Hydra  individuals  ordinarily  maintain  an  independent  existence 
but  in  various  related  groups  colonies  which  often  include  many 
individuals  arise  by  asexual  reproduction.    In  some  such  colonies, 
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besides  hydra-like  forms  "or  hydranths,  another  type  of  mdividuals 
is  produced  whicfa  become  medusae  and  separate  from  the  colony 
as  free-swimming  forms  that  develop  germ  cells  which  in  turn  pro- 
duce a  generation  of  individuals  of  the  hydranth  type.  In  other 
colonial  fonns  the  genn  cells  are  formed  by  individuals  that  re- 
main as  members  of  the  colony.  AU  the  species  of  Hydrozqa 
which  have  a  complex  colonial  organization  are  with  one  exception 
marine. 

In  the  fresh-water  colonial  hydroid  Cordylophora,  many  of  the 
individuals  or  zooids  are  nutritive  and  provide  food  for  the  colony 
and  by  budding  increase  its  size  while  other  individuals  form  germ 
cells;  there  are  no  medusae  formed.  Among  the  obvious  structural 
features  in  which  this  form  differs  from  hydra  are  the  following: 
the  tentacles  are  not  hollow  but  the  entoderm  forms  a  core  of  large 
cells  which  occupies  all  the  space  enclosed  by  the  ectoderm  and 
mesogloea;  the  tentacles  are  more  numerous  than  in  hydra  and  are 
irregularly  distributed;  the  cuticula  is  thick  and  forms  a  support- 
ing skeleton  for  the  colony. 

Four  genera  of  fresh-water  Hydrozoa  form  free-swimming  me- 
dusae. Two  of  these  occur  in  Africa  but  the  two  following  genera 
are  each  known  in  North  America  and  Europe. 

Edward  Potts  first  discovered  the  Microhydra  and  it  has  been 
studied  chiefly  by  him.  The  hydranth  form  has  no  tentacles  and 
it  lives  indq>endently  or  forms  simple  colonies  of  two  or  three 
individuals.  The  medusae  have  been  seen  by  him  to  arise  by 
budding  from  hydranths  but  have  not  been  observed  when  older 
than  a  stage  attained  two  or  three  days  after  being  freed.  They 
have  but  eight  tentacles  and  no  marginal  sense  organs. 

Craspedacusla  was  first  foimd  in  the  Regent's  Park  Gardens, 
London,  England,  in  1880,  and  its  only  occurrence  m  North  Amer- 
ica thus  far  recorded  was  in  Washington,  D.  C,  m  1907  (Hargitt). 
Ordy  its  medusa  stage  is  known  with  certainty  but  what  is  supposed 
to  be  the  hydranth  form  is  very  similar  to  that  of  Microhydra. 
The  medusa  has  more  than  eight  tentacles  and  has  marginal  sense 
Cleans. 

The  hydra  is  usually  found  adhering  firmly  by  the  base  to  sub- 
merged objects  over  which  it  moves  slowly  and  may  be  found  at 
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various  distances  from  the  surface,  but  not  infrequently  is  sus- 
pended from  the  surface  fihn  or  even  drifts  about  unattached 
and  thus  often  becomes  a  component  of  the  plankton.  The  hydras 
multiply  so  rapidly  when  conditions  are  favorable  that  they  often 
take  heavy  toll  from  the  plankton  organisms,  especially  the  ento- 
mostracans  and  small  worms.  Since  th^  are  probably  little  used 
as  food  by  animals  useful  to  man  and  since  they  compete  with 
yoimg  fish  for  food,  their  economic  relations  to  man  are  unfavor- 
able. 

The  most  favorable  conditions  for  Cordylophora  are  in  brackish 
water  and  there  it  attains  most  luxuriant  development  but  it 
thrives  also  in  fresh  water,  although  the  colonies  are  there  less 
stalwart  and  the  ascending  branches  are  usually  not  more  than 
half  as  large  as  in  colonies  from  brackish  water.  It  was  first  known 
as  a  brackish  water  form  from  Europe  and  its  appearance  in  fresh 
water  is  of  comparatively  recent  date.  It  has  been  known  for  a 
number  of  years  in  the  United  States,  near  the  Atlantic  Coast,  where 
it  occurs  in  both  brackish  and  fresh  water.  The  first  recorded 
appearance  in  the  Mississippi  Valley  was  in  the  Illinois  River  in 
1909,  but  it  is  now  known  in  several  states  of  that  region. 

This  form  is  a  plankton  feeder  and  thus  competes  with  young 
fish  for  food.  Its  most  vigorous  colonies  are  found  where  there  is 
considerable  current  and  in  company  with  Bryozoa  it  not  infre- 
quently invades  the  pipes  of  water  systems,  impedes  the  flow,  and 
at  times  vitiates  the  water  itself.  Microkydra  is  found  associated 
with  bryozoans  on  the  surface  of  stones  in  running  water  near 
Philadelphia,  and  is  apparently  not  an  abundant  form. 

In  the  search  after  hydra  if  pond-lily  leaves  and  coarse  sub- 
merged v^etation  be  collected  from  bodies  of  water  in  which 
hydra  occurs,  and  allowed  to  stand  a  few  hours  or  days  in  glass 
jarSj  specimens  are  likely  to  be  found  attached  to  the  vegetation 
or  to  the  sides  of  the  jar  or  even  suspended  from  the  surface  flhn. 
Hydra  may  be  kept  in  good  condition  for  long  periods  of  time  in 
well  aerated  aquana,  if  supplied  with  sufficient  food,  preferably 
small  entomostracans  and  worms.  At  the  proper  season  and  tem- 
perature they  may  reproduce  sexually  as  well  as  by  budding. 

For  ordinary  purposes  a  corrosive  sublimate  and  acetic  acid 
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mixture  either  hot  or  cold  gives  sufficiently  good  results  as  a  fixa- 
tive, but  for  certain  cytological  studies  special  methods  are  recom- 
mended; for  these  one  must  consult  the  literature. 

Occurring  most  frequently  attached  to  submerged  sticks  or  twigs 
Cordylophora  may  also  be  looked  for  on  the  submerged  surfaces  of 
walls  and  piers  and  also  on  stems  of  coarse  vegetation.  Fixation 
may  be  accomplished  as  with  hydra. 

It  has  recently  been  shown  that  the  Linnaean  systematic  names 
in  common  use  for  spedes  of  Hydra  must  be  dropped  for  the  earlier 
ones  of  Pallas.  Recent  literature  which  deals  with  the  results 
obtained  by  several  investigators  who  have  worked  on  Hydra 
shows  such  conflicting  views  concerning  the  status  of  certain  sup- 
posed species  of  this  genus,  that  any  classification  or  key  dealing 
with  them  must  be  regarded  as  tentative.  The  chief  difficulty  is 
with  Hydra  oligacUs  Pallas  {H.  fusca  L.),  which  by  some  is  believed 
to  have  been  applied  in  the  past  to  two  specifically  distinct  forms 
while  others  uphold  a  contrary  view. 

The  treatment  of  the  species  of  Hydra  in  the  following  key  is 
based  chiefly  on  the  papers  of  Brauer,  Downing,  and  Roelitz. 

KEY  TO  NORTH-AMERICAN  FRESH-WATER  HYDROZOA 

I  (lo)    Hydranths  with  tentacles;  no  free  swimming  medusae  at  any  stage  of 
the  life  history i 

a  (g)     Tentacles  in  a  circle  about  the  oral  end;   do  not  fonn  true  colonies; 
have  power  of  slow  locomotion.  .  .    Hydra  Linnaeus  .    .     3 

3  (6)    Body  not  definitely  stalked;  extended  tentacles  not  very  much  longer 

than  the  body 4 

4  (5)    Green;    three  kinds  of  nematocysts;    embryonic  chitinous  membrane 

spherical,  with  minute  elevations;    spermaries  limited  to 

oral  third  of  body;  sexual  activity  more  frequent  in  summer. 

Hydra  vtridissima  Pallas  {R.  viridis  L.)  1766. 

5  (4)     Pale  yellow,  gray,  or  brown;    four  kinds  of  nematocysts,  diameter  of 

largest  0.0105-0.013  mm.;  embryonic  chitinous  membrane 
spherical,  with  coarse  branched  pointed  spines;  spennaries 
only  on  distal  third;  sexual  activity  more  frequent  in  sum- 
mer  HydravulgarisPaJiaa  {H.  grisea  L.)  ij66. 

6(3)    Bodydefinitelystalked;  extendedtentadesmuchlongerthanbody.  .     7 
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7  (S)  Gray,  brown,  or  reddish;  thiee  kinds  of  nematocysts;  diameter  of 
largest  less  than  0.0105  mm. ;  embryonic  chitinous  membrane 
spherical,  with  very  short  spines;  spermaries  on  any  part 
of  body  except  the  stalk;  sexual  activity  more  frequent  in 
winter.    ....     Hydra  ciigaclisFailas  {H.  fuscaL..)  ij66. 


Byw 


a.  1S4.    By6n  ttitattu.     (■)  NemitocMi. 


(Aha  BniBt.) 


r  brown;  four  kinds  of  nematocysts,  diameter  of  largest  less 
than  o.oi  mm.;  embryonic  chitinous  membrane  plano-con- 
vex, with  only  ronvex  side  covered  with  spines;  spermaries 
limited  to  the  oral  third  of  the  body;  sexual  activity  more 
frequent  in  autumn flj^a  ^y^tu  Linnaeus  1758. 


OoOQ" 


s  the  diflerenoa  betwem  H.  oiitacla  and  H.  MypV 
m1  above  the  latter  is  uid  to  be  somewhat  anuller  and 
to  have  somewhat  shorter  tentaclet  thui  the  fonner.  By  tome 
the  validity  of  any  of  the  diSering  characters  mentioaed  above 
is  disputed,  with  the  possible  exception  of  tlie  difleieace  in  the 
number  of  diSereot  kinds  of  nematonsts. 

H.  paUida  Beanbley,  a  very  pale  lonn  in  Colorado,  and  B. 
carata  Elrod,  a  very  large  red  form  in  Hontana.  may  prove  to 
belong  to  the  ipedes  listed  above,  ai  similar  variations  of  them 
are  knonn  to  occur  in  Europe. 


Tentacles  irregularly  scattered  on  the  body  of  the  hydranth;  form  true 
a>lonies. Cordyhphora  Allman. 


But  one  apedes.  C.  laaulrU  AUman,  which 
OCcun  in  fresh  water  near  Philadelphia,  Pa., 
and  near  Woods  Hole,  Hass.  It  has  recently 
been  found  in  the  lUinois  Kiver  at  Havana, 
and  by  Mr.  W.  Donaldson  in  the  l^Lasissippt 
River  at  Granite  City  and  East  SI.  Loiris,  III., 
in  the  Arkansas  River  at  Little  Rock.  Ark., 
and  in  the  Red  River  at  Shrevepott  La. 


Fra.sSa.  CtrdyUtfuralaatstrU.  [a)  A bruch from 
a  colany.  About  twice  u  larre  ai  ii  OHnEDoa  id  Eroh 
waltr.  U)  Femak  [cijroductlve  looida  with  embnoe 
hi  different  Haga  of  dcveiopmeiit.     X  m.     (After 


10  (i)    Hydranths without  tentacles;  freeawimmingmedusaeareformed.  ,   11 
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II  (la)    Hydiaoth  form  most  frequently  seen;  medusae  niTely  found  and 
have  but  eight  tentacles MUrokydra  Potts. 

But  one  spedes,  M.  rydtri  Potti, 
GrM  described  tiom  Dear   Phtladel- 

phis.  Pa.,  but  lines  then  found  in 
diflereat  localities  in  Europe,  Hie 
medune  have  been  Men  only  when 
in  a  very  early  su^e  asd  the  adult 
stages  ire  Dot  knomi. 


X  40.    '  (Aflet    Mooce    1 
•1   Hydnmthi 


.    (After  Ryd>[  from  Potti.] 

13  (ii)    Hydianthfonn  rarely  seen;  medusae  have  more  than  eight  tentacles. 
Craspedacttsta  Lankester. 

But  one  spedea.  C.  nmxrlt 

and  America. ^    „  _, -^  ._   

lecoidi,  but  laixe  numbers  vere  collected  by  Frofessot  H.  Gar- 
nun  io  September,  1916,  in  a  credc  near  fronkfcHt.  Kaitucky, 
the  first  record  of  thnr  occurrence  in  other  than  artificial  (ur- 
roundiogi.  A  second  spedes,  C  iavaii  Oka,  has  been  found  in 
a  river  of  China. 

'Fia.  itt.    CraifeiaiMilii  nnierbyi.     X  about  4.    (After  Hallltt.) 

Limiwcnida  GUnther  Is  the  only  other  known  genus  of  fresh-water  medusae  and  its 
distribution  so  far  as  recorded  is  limited  to  the  Eastern  Hemisphere.  Limnocntda 
lantattyieat  (BOhm)  iSSj  is  (otmd  in  Africa;_  lAmtKOiida  indica  Annondale  1911.  in 
India;  Limnocnida  rhodesia  Boulenger  1911,  in  southern  Africa. 
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CHAPTER  Xn 

THE   FREE-LIVING   FLATWORMS 

(TURBELLARIA) 

By  CAROLINE  E.  STRINGER 

BeaitflktDttarlmiiUrfBlalaly.OmaiaBi^Sdiail 

The  Turbellaria  or  free-living  flatworms  are  among  the  most 
interesUng  of  the  mnply  organized  ani'mn1<i  Ijecause  of  the  re- 
markable variety  shown  in  their  reactions  and  behavior.  They 
are  to  be  found  both  in  fresh  and  salt  water  and  sometimes  in 
moist  places  on  land.  The  fresh-water  forms  are  conmum  in 
ponds  and  streams  almost  everywhere.  Many  of  the  smaller 
forms  resemble  infusoria  in  their  minute  size,  shape,  and  move- 
ments. The  larger  Turbellaria  are  more  readily  recognized  as 
worms  but  are  often  confused  with  leeches  which  they  resemble 
superficially  in  color  and  form,  although  they  are  easily  distin- 
guished by  their  head-like  anterior  end,  non-segmented  body,  and 
lack  of  posterior  adhesive  sucker. 

Probably  the  first  attempt  to  describe  one  of  this  group  dates 
back  to  1744  when  Trembley  included  in  his  memoir  on  Hydra 
what  was  undoubtedly  a  planarian.  As  early  as  1776  O.  F. 
MUUer  separated  the  Turbellaria  and  Nemertinea  from  the  para- 
sitic Trematoda,  but  it  was  not  until  1831  that  Ehrenberg  gave 
to  these  animals  the  name  Turbellaria  because  of  the  tiny  cur- 
rents in  the  water  created  by  the  delicate  dUa  which  cover  the 
body.  Much  confusion  existed  in  their  classification  until  the 
appearance  of  Lang's  work  oh  structure  and  reladonships  in  1S81 
and  in  the  next  year  of  L.  von  Graff's  monograph  on  the  Rhab- 
docoelida.  Since  then  considerable  attention  has  been  ^ven  to  the 
morphological  and  phy^ological  as  well  as  to  the  systematic  study 
of  the  group. 

Flatworms  may  be  either,  cylindrical,  thread-like,  spindle-shaped, 
or  more  or  less  flattened  and  leaf-like.  They  range  in  length 
from  a  fraction  of  a  millimeter  to  several  centimeters.      The 
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larger  fresh-water  forms  are  usually  inconspicuously  colored,  gray, 
brown,  or  blackish  or  are  entirely  free  from  pigment.  The  smaller 
forms  are  often  brilliantly  colored,  yellow,  orange,  red,  or  rose; 
and  a  few  appear  green  due  to  the  zoochlorellae  or  symbiotic 
one-celled  plants  which  live  within  the  mesenchyma.  The  color 
is  more  or  less  affected  by  the  food  contained  in  the  intes- 
tine.' This  is  especially  true  of  the  non-pigmented  or  very  trans- 
parent forms  and  in  many  cases  exainination  with  a  lens  will  be 
necessary  to  show  whether  pigment  is  actually  present  or  not. 

The  anterior  end  is  often  modified  so  as  to  suggest  the  form 
of  a  head,  either  by  the  presence  of  the  various  special  sense 
orgaiis,  a  pair  of  lobes  or  cephalic  appendages,  or  by  a  groove 
or  constriction  separating  it  from  the  rest  of  the  body.  Eyes 
may  or  may  not  be  present.  If  present,  the  usual  number  is  two, 
though  some  forms  have  four  and  one  genus  of  planarians, 
Pdycelis,  is  characterized  by  the  possession  of  a  large  niimber 
of  eyes.  Accessory  eyes  or  pigment  spots  are  commtm  among 
certain  E^iecies.  The  normal  eyes  are  usually  bean-shaped  and 
are  black  in  color  although  there  are  many  exceptions.  Acces- 
sory eyes  are  usuaUy  more  or  less  irregular  in  shape  as  well  as  in 
position. 

A  pair  of  sensory  pits  occurs  in  the  anterior  region  in  many 
forms.  These  may  be  round,  oblong,  or  slit-sluq>ed,  and  very 
shallow  or  deeply  sunken.  They  are  connected  with  !5>ecial 
brmn  ganglia,  are  usually  provided  with  long  dlia,  and  are  re- 
garded as  olfactory  organs.  A  few  forms  possess  a  statocyst 
(otocyst)  or  balancing  organ.  It  consists  of  a  membranous  sac 
filled  with  a  fluid  in  which  a  stroi^y  light-refracting  statolith 
(otolith)  is  suspended.  The  non-pigmented,  light-refracting  organs 
found  in  Stenostomum  posterior  to  the  brmn  and  connected  with 
it  by  nerves  are  of  three  types.  They  may  consist  (i)  of  a  va- 
riable number  of  spherical  bodies  arranged  in  the  form  of  a 
convex  organ,  the  so-called  saucer-shaped  or  patelliform  organ, 
(2)  of  a  ve^cle  which  contains  a  strongly  light-refracting  leas- 
abaiped  body  on  its  wall,  or  (3)  of  a  hollow  capsule-like  ve^cle. 

The  epidermis  counts  of  a  single  layer  of  ciliated  cells.  The 
dlia   are  conspicuous  in   the    rhabdocoels,  which    are    enabled 
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thereby  to  move  freely  through  the  water,  and  to  the  unaided 
eye  look  much  like  infusoria.  Planarians  have  a  uniform  gliding 
movement  but  do  not  sxrim  about  unsupported.  In  addition  to 
the  dlia,  remarkably  long  sensory  hairs  are  present  in  a  few  fonns. 
The  Turbellaria  are  richly  supplied  with  various  kinds  of  glands. 
Slime  glands  occur  all  over  the  body  and  are  e^)ecially  numerous 
near  the  anterior  and  posterior  ends.  Other  glands  form  the 
rod-shaped  bodies  or  rhabdites  which  are  either  homogeneous 
and  uniformly  light-refracting  (rhabdoids),  or  consist  of  a  hyaline 
outer  layer  endo^ng  a  fine  granular  substance  (rhammites) .  The 
former  are  extremely  variable  in  shape  (spindle-,  egg-,  rod-,  or 
club-shaped)  and  originate  either  in  demial  gland  cells  or  in  sin- 
gle-celled glands  within  the  mesenchyma,  eq>ecially  in  the  anterior 
end  where  the  tracts  through  which  they  pass  to  the  suriace  may 
appear  as  conspicuous  lines.  The  rhammites  are  found  only  in 
the  mesenchyma.  Still  other  glands  produce  the  pseudo-rhab- 
^tes  which  are  irregular  in  shape,  granulated  in  structure,  and 
have  a  low  light-refracting  power.  A  few  forms  have  nematocysts, 
or  stinging  cells,  similar  to  those  of  the  coelenterates,  in  place 
of  rhabdites.  Adhesive  cells  and  adhesive  papillae  are  present 
in  many  forms,  especially  at  the  posterior  end  of  the  body. 
The  external  openings,  mouth,  genital  pore,  and  excretory  pores, 
are  extremely  variable  in  position. 

In  place  of  the  usual  body  cavity  of  higher  animals,  the  space 
between  the  body  and  internal  organs  is  filled  with  a  peculiar 
connective  tissue  called  mesenchyma  (parenchyma).  In  the 
smaller  forms  this  rissue  consists  of  a  few  scattered  suspensory 
strands  and  the  space  between  is  filled  with  fluid.  In  others 
there  is  a  network  which  encloses  spaces  filled  with  fluid  and  richly 
supplied  with  cells.  The  cells  may  be  vacuolated  or  otherwise 
modified.  The  musculature  includes  bands  of  circular,  longitudi- 
nal, and  diagonal  muscles  in  the  body  wall.  There  are  also  mus- 
cles which  extend  through  the  mesenchyma  or  connect  with  the 
internal  organs.  The  digestive  apparatus  includes  the  mouth, 
pharynx,  and  intestine,  all  of  which  play  an  important  part  in 
classification  and  furnish  a  ready  means  of  distinguishing  the  two 
great  groups  of  fre^-water  Turbellaria. 
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In  rhabdocoels  (Fig.  589)  which  include  smaller  fonns,  the  mouth 
may  be  placed  at  the  anterior  end  or  at  various  points  on  the 
ventral  surface.  The  pharynx  is  represented  by  three  general 
types,  simple,  bulbous,  and  plicate.  In  the  bulbous  type  a  muscu- 
lar membrane  divides  the  pharynx  from  the  surrounding  mesea- 
cbyma;  the  plicate  form  does  not  have  the  dividing  membrane, 
but  consists  of  a  cylindrical  tube  lying  withiQ  a  pharyngeal  cavity 
which  opens  to  the  exterior  through  the  mouth.  The  simple  and 
plicate  types  of  pharynx  lie  more  or  less  lengthwise  and  the  organ 
appears  as  a  tube  parallel  with  the  surface  of  the  body.  The 
bulbous  pharynx  is  more  variable  and  includes  three  types,  the 
rosette-shaped,  the  cask-shaped  (dolioliform),  and  the  variable. 
Hie  intestine  has  the  form  of  a  simple  sac;  it  consists  of  a  blind 
cylindrical  tube,  median  in  position.  It  is  sometimes  provided 
with  short  lateral  diverticxJa.    The  walls  are  thin. 

In  tridads  (Fig.  590)  the  mouth  is  on  the  ventral  surface  usu< 
ally  just  posterior  to  the  middle  of  the  body.  The  pharyi^eal 
region  ordinarily  shows  externally  about  the  middle  of  the  body, 
dther  as  a  more  heavily  pigmented  or  as  a  lighter  colored  area. 
The  pharynx  is  a  cylindrical,  very  muscular  tube  which  lies  within 
the  pharyngeal  cavity  except  when  protruded  while  feeding. 
In  a  single  genus,  Pkagocala,  there  are  many  pharyngeal  tubes 
instead  of  one.  The .  Intestine  is  thin-walled  as  in  the  rhabdo- 
coels but  has  three  main  branches,  a  single  one  extending  forward, 
and  two  passing  back,  one  on  either  side  of  the  pharynx  to  the 
posterior  end  of  the  body.  Numerous  lateral  diverticula  are 
found  especially  in  the  anterior  region.  These  may  anastomose 
with  each  other  or  remain  distinct. 

The  protonephridial  system  (water-vascular  system  or  simple 
kidney)  possesses  one,  two,  or  four  principal  canals,  with  a  general 
antero-posterior  direction.  The  number  and  position  of  the  open- 
ings is  variable.  The  nervous  system  includes  two  principal  brfun 
ganglia  and  two  main  longitudinal  nerves  with  numerous  lateral 
branches.  In  many  forms  the  longitudinal  nerves  may  be  seen  as 
two  light-lines  on  the  ventral  surface. 

Reproduction  is  both  sexual  and  asexual.  The  Turbellaria 
fire  hermaphroditic  with  the  female  organs  distinct  from  the  male. 
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Both  sets  ol  organs  have  a  common  genital  pore  or  are  provided 
with  separate  external  openii^.  In  many  cases  the  male  organs 
mature  earlier  than  the  female  and  degenerate  as  the  latter  develop 
so  that  a  study  of  various  stages  of  growth  is  necessary  to  give 
complete  knowledge  of  the  organs.  The  rhabdocoels  show  great 
diversity  in  structure  ranging  from  those  with  simple  ovaries  and 
testes  to  those  with  an  elaborate  system  of  accessory  glands  and 
ducts  that  much  resemble  those  of  the  triclads.  The  male  copu- 
latory  apparatus  or  dmis  is  often  remarkably  complex  and  may, 
as  in  Dally^ia,  present  the  chief  characters  for  identification  of 
species. 

Some  rhabdocoels  produce  two  kinds  of  eggs,  the  thin-walled 
transparent  summer  eggs  which  may  undergo  development  within 
the  body  of  the  parent,  and  the  thick-walled  winter  eggs  which  have 
a  hard,  brown  shell  and  develop  in  the  outer  world.  In  other 
species  only  the  hard-shelled  eggs  are  produced.  In  the  Catenuli- 
dae  asexual  reproduction  by  the  formation  of  buds  or  zooids  at 
the  posterior  end  of  the  body  is  met  with  commonly.  More  than 
one  bud  may  be  produced  before  separation  takes  place. 

Planarians  (Fig.  590)  show  less  variation  in  the  structure  of 
the  sexual  organs.  The  testes,  usually  numerous,  lie  both  above 
and  below  the  digestive  tract  and  extend  from  anterior  to  posterior 
end.  The  seminal  ve^cle  opens  into  the  muscular  bulb-like 
drrus,  the  apex  of  which  projects  into  the  male  genital  atrium* 
which  in  turn  leads  into  the  common  atrium.  Two  ovaries  are 
placed  far  forward.  The  numerous  yolk  glands  open  into  the 
oviducts  as  they  pass  back  and  either  unite  to  form  a  common 
duct  which  enters  the  genital  atrium  or  open  separately  into  the 
posterior  part  of  the  uterine  duct.  Fertilization  apparently  occurs 
in  the  uterus  which  lies  just  back  of  the  pharynx. 

Some  triclads  manifest  only  sexual  reproduction;  others  have 
regular  alternating  periods  of  sexual  and  asexual  reproduction; 
while  a  niunber  do  not  have  a  definite  life  cycle  since  sexual  ma- 
turity occurs  at  irregular  intervals  and  often  only  among  a  limited 
number  of  individuals.  In  these  forms  reproduction  is  ordinarily 
asexual.  Dendrocoelum  lacteum  attains  sexual  maturity  and  de- 
posits its  cocoons  durii^  the  winter  months.    In  Planaria  maculata 
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and  Planaria  agUis  sexaal  organs  be^  to  develop  early  in  the 
autumn  and  mature  in  the  spring.  After  the  cocoons  are  depos- 
ited the  reproductive  organs  degenerate  and  reproduction  is  again 
carried  on  by  transverse  division  into  two  pieces  with  subsequent 
regeneration  o(  the  missing  parts  in  each  piece.  The  division 
plane  in  most  planarians  passes  just  back  of  the  pharyxix.  In 
Planaria  velata  there  is  a  division  into  pieces  of  various  dzes 
which  encyst  in  a  slime  layer  in  response  to  unfavorable  con- 
ditions. This  slime  layer  hardens  into  a  shell-like  covering. 
Entire  animak  may  also  encyst.  Asexual  reproduction  among 
planarians  may  occur  at  any  time  of  the  year  and  in  many  species 
is  the  usual  method  of  propagation.  The  factors  which  control 
the  development  of  sexual  maturity  are  not  fully  understood 
although  the  food  stiffly  unquestionably  plays  an  important  part. 

Turbellaria  undergo  no  metamorphosis  during  development  but 
emerge  from  the  egg,  resembling  the  parent  except  in  the  lack 
of  sexual  organs.  In  viviparous  forms  the  young  develop  within 
the  mesenchyma  of  the  parent  and  make  their  way  to  the  exterior 
through  the  body  wall  in  the  posterior  region. 

Flatworms  are  extremely  re^jonsive  to  external  influences  and 
the  larger  forms  especially  give  interesting  and  ^dfic  reactions 
to  various  kinds  of  stimuli.  If  a  dish  in  which  they  are  quietly 
gliding  about  is  jarred  even  very  slightly,  it  will  cause  them  to 
stop  and  contract  until  quiet  is  restored,  or  if  at  rest  and  the  dish 
is  moved  they  respond  by  becoming  active  as  soon  as  the  disturb- 
ance ceases.  Violent  disturbance  induces  a  highly  excited  condi- 
tion with  a  loss  of  their  more  delicate  reactions.  After  being 
disturbed  the  animals  continue  moving  about  for  some  time,  this 
period  depending  on  the  strength  of  the  stimulus  and  the  physi- 
ological condition  of  the  animal.  Naturally  it  depends  also  upon 
the  species  since  some  are  more  active  than  others.  They  come 
to  rest  in  some  sheltered  spot,  normally  in  groups.  Light  plays 
an  important  part  in  determining  their  resting  place  as  they  show 
decided  negative  photokinesis.  The  length  of  time  of  the  resting 
period  varies  greatly.  The  animals  are  much  more  active  at 
night  than  in  day  time;  this  is  probably  due  to  their  feeding 
habits. 
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If  the  wonn  is  in  a  normal  condition  a  delicate  meclianical 
stimnliis  induces  a  po^tive  reaction,  i.e.,  the  animal  pauses  mo- 
mentarily, then  turns  towards  the  source  of  the  stimulus  and 
glides  forward  in  that  direction.  A  negative  reaction  is  usually 
given  in  re^Kmse  to  a  strong  mechanical  stimulus.  In  this  case 
the  animal  turns  away  from  the  source  of  the  stimulus.  The 
positive  and  negative  reactions  are  given  not  only  in  response  to 
weak  and  strong  mechanical  stimuli  but  to  changes  in  tempera- 
ture and  to  various  chemical  stimuli.  The  food  reaction  is  essen- 
tially a  positive  one.  If  food  is  placed  in  a  dish  where  planarians 
axe  gliding  about,  as  they  pass  near  enou^  to  recdve  the  stimulus 
supplied  by  the  juices  oi  the  tissues,  they  give  a  positive  reaction 
similar  to  that  following  delicate  mechanical  stimuli.  This  reac- 
tion briijigs  them  to  the  food  and  as  they  pass  over  it  the  anterior 
end  closes  over  the  food  as  if  testing  it.  This  process  completed, 
the  animal  moves  ahead  suffidentiy  to  bring  the  mouth  opening 
over  the  food.  The  pharynx  is  extruded  and  the  feeding  process 
begins.  An  interesting  reaction  is  given  where  a  planarian  falls 
dorsal  side  down,  as  it  rights  itself  by  fonning  a  more  or  less 
complete  spiral. 

There  is  a  constant  secretitm  of  slime  over  the  eatire  body  and 
eq>ecially  on  the  v^itral  surface.  Irritation  causes  an  increase  in  the 
quantity  discharged.  The  slime  layer  and  rhabdites  probably  serve 
the  purpose  of  protection  to  some  extent  and  aid  in  holding  the  prey. 

Some  Turbeilaria  occur  in  shallow  quiet  pools  only;  others 
in  larger  ponds,  lakes,  or  rivers,  while  a  few  species  seem  to  prefer 
swiftly  flowing  spring-fed  brooks  and  streams.  They  are  found 
not  only  in  all  kinds  of  water  but  under  varying  temperature 
conditions  as  well,  since  they  may  be  collected  during  the  winter 
from  beneath  the  ice  and  also  are  found  in  hot  springs  with  a 
temperature  of  47"  C.  They  collect  (m  the  under  side  of  stones, 
sticks,  and  leaves,  conceal  themselves  among  algae  and  in  debris, 
or  cling  to  the  stems  of  Chora,  Ceraiopkyllum,  and  other  hydro- 
phytic  plants.  Certain  forms  are  found  near  the  surface  in  com- 
paratively open  water,  and  others  in  the  mud  or  sediment  at 
the  bottom  of  ponds  or  lakes.  Peat  bogs  and  swampy  places 
often  furnish  a  large  number  of  forms. 
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■  The  regions  occupied  by  different  species  of  planarians  are  ap- 
parently determined  by  temperature  and  food  supply  to  a  very 
great  extent.  Those  species  which  are  adapted  to  low  twnpera- 
tures  become  sluggish  and  inactive  in  higher  temperatures,  or 
the  reverse,  and  so  will  be  less  likely  to  find  food  than  forms 
e^>ecially  adapted  to  that  temperature.  If  the  food  supply  is 
limited  this  will  necessarily  lead  to  a  crowding  out  of  those  less 
perfectly  adapted  to  the  environment.  Hie  development  of  any 
one  species  in  a  particular  region  is  consequently  limited  by  com- 
petition with  other  species  already  estabUshed  in  the  area.  In 
some  cases  two  or  more  species  may  be  found  in  almost  equal 
numbers  in  the  same  pond  as  Planaria  macidala  and  Dendrocoelutn 
lacleum.  In  such  cases  a  variety  of  food  usually  seems  to  be 
abundant,  thus  reducing  the  competition  which  would  otherwise 
lead  to  the  elimination  of  the  weaker.  Cannibalism  sometimes 
occurs  among  individuals  of  the  same  spedes  when  food  is  scarce 
and  different  species  are  especially  likely  to  prey  upon  each  other. 
Planaria  agilis  is  a  voracious  feeder,  and  will  exterminate  a  culture 
of  Planaria  velata  or  Planaria  macidala  in  a  comparatively  short 
time  even  if  other  food  is  provided.  This  may  account  in  part 
for  the  fact  that  certain  species  are  always  foimd  alone. 

Ordinarily  a  pond  or  stream  shows  no  evidence  of  the  presence 
of  Planaria  even  though  large  numbers  of  them  may  be  hidden 
away  under  stones  or  leaves.  However,  one  sometimes  finds 
them  moving  restlessly  about  in  great  masses,  either  all  in  one 
general  direction  or  in  disorder,  Voigt  has  conducted  some  inter- 
esting experiments  with  European  forms  under  natural  conditions 
which  would  indicate  that  these  apparently  concerted  movements 
are  the  result  of  a  response  to  some  stimulus  which  may  promise 
food,  and  cannot  be  regarded  as  indicating  the  possession  of  any 
inherited  tendency  toward  periodical  wanderings.  The  marine 
Turbellaria,  like  the  fresh-water  forms,  hide  under  stones  and 
among  seaweeds.  Some  find  shelter  within  the  shells  of  molluscs 
and  a  few  are  parasitic. 

The  land  planarians  are  in  general  characteristic  of  tropical 
and  sub-tropical  regions  where  they  attain  a  considerable  length 
and  are  usually  brilliantly  colored.    In  this  country  one  may 


.dbyCoogIc 


THE  FREE-UVING  FLATWORMS  (TURBELLARIA)  331 

sometimes  find  them  in  greenhouses  and  gardens,  under  flower 
pots  or  boxes,  in  moist  woods  under  bark  and  old  logs,  or  in  any 
moist  sheltered  place.  They  are  easily  overlooked  because  of  the 
simihuity  in  their  appearance  to  young  snails. 

Rhabdocoels  are  especially  abundant  in  pools  or  ponds  which 
contain  much  algal  or  other  vegetation.  A  lens  is  often  neces- 
saiy  to  distinguish  them  from  other  minute  organisms.  They 
may  be  collected  by  means  of  a  Birge  net  or  other  apparatus  used 
in  collecting  small  animaU  or  simply  by  gathering  car^ully  plant 
material,  sediment,  or  debris  from  the  ponds  where  they  live 
and  exposing  this  material  in  shallow  dishes  in  the  laboratory. 
The  larger  £riclads  are  easily  collected  as  they  cling  to  the  stone 
or  leaf  which  conceals  them  when  it  is  lifted  from  the  water  and 
they  may  then  be  removed  with  the  point  of  a  knife,  or  washed 
off  into  a  large-mouthed  jar.  When  algae  or  debris  which  con- 
tains them  is  disturbed,  they  costract,  remain  motionless  until 
the  disturbance  ceases,  and  then  come  to  the  suriace  and  crawl 
about  excitedly,  thus  being  easily  picked  up  with  a  large-mouthed 
pipette. 

Most  Turbellaria  are  easily  kept  in  cultures  if  the  water  is  kept 
pure.  Rhabdocoels  should  have  a  suj^ly  of  unicellular  and  fila- 
mentous algae  such  as  diatoms,  Spirogyra,  etc.,  and  small  animals 
like  rotifers,  Crustacea,  and  insect  larvae,  as  they  use  both  plant 
and  animal  food.  Planarians  are  largely,  if  not  entirely,  carnivo- 
rous and  thrive  tn  aquaria  which  are  supplied  with  running  water 
so  that  they  may  be  given  a  constant  supply  of  food.  If  this  is 
not  possible,  they  may  be  kept  in  ordinary  aquarium  jars  or  shal< 
low  dishes  with  or  without  algae.  They  wiU  Uve  for  weeks  with- 
out food  but  become  greatly  reduced  in  size.  They  take  food 
readily,  especially  at  night,  and  should  be  fed  once  or  twice  a 
week  on  earthworms,  snails,  liver,  or  almost  any  soft  fleshy  animal 
tissue.    The  water  should  be  changed  after  each  feeding. 

Small  forms  are  easily  studied  under  the  microscope  if  slightly 
compressed  by  the  cover  glass  through  the  absorption  of  the 
surplus  water  with  filter  paper.  A  few  quince  seeds  added  to 
the  water  are  of  great  assistance  as  they  form  a  jelly  which  re- 
tards movement  without  injury  to  the  animal.    Cells  or  hollow 
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slides  are  convenient  for  work  with  large  forms.  Anesthesia  may 
be  induced  by  the  use  of  a  solution  of  one>teath  of  one  per  cent 
of  chloretone,  or  even  less  with  some  spedes.  For  preservation 
hot  corrosive  sublimate  may  be  used,  or  a  cold  solution  of  the 
sublimate  to  which  five  per  cent  of  glacial  acetic  add  has  been 
added.  Lang's  fluid,  Chichkoft's  mixture,  and  30%  HNO|  fol- 
lowed after  one  minute  with  70%  alcohol,  are  all  useful  killii^ 
reagents.  Formol  is  useful  for  preservation  of  external  characters 
dnce  the  animals  retain  thdr  shape  and  color  in  it  better  than 
in  most  reagents.  The  larger  planarians  are  especially  valuable 
for  study  in  laboratories  where  attention  is  given  to  animal  h^ 
havior.  Certain  forms  also  afford  excellent  training  in  exactness 
of  observation. 

The  lack  of  well  defined  and  unvarying  external  characteristics 
makes  it  difficult  to  identify  many  Turbellaria.  A  large  part  of 
the  materia]  ordinarily  collected  is  sexually  immature  whereas,  as 
has  been  noted  above,  a  knowledge  of  the  structure  of  the  sex 
organs  is  necessary  in  certain  genera  for  identification.  Preserved 
material  if  immature  is  espedally  difficult  to  identify  since  the 
body  becomes  distorted  in  shape  and  the  color  is  usually  so 
modified  as  to  be  unreUable.  The  differences  in  color  and  form 
between  several  of  the  spedes  of  planarians  while  definite  are 
so  slight  as  to  be  apparent  only  after  a  comparison  of  living 
material.  In  other  cases  there  is  a  wide  variation  in  color  be- 
tween individuals  of  the  same  spedes, 

Until  comparatively  recently  descriptions  of  many  spedes  of 
Turbellaria  were  extremely  meager.  The  confusion  which  has 
arisen  as  a  result  is  due  to  the  lack  of  conspicuous  external  char- 
acteristics which  would  serve  for  identification. 
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KEY  TO  NORTH  AMERICAN  FRESH-WATER  TURBELLARIA 

Includinc  the  Land  Punasuns 

I  (78)    Intestine  a  single  blind  tube,  median  in  position. 

Order  RhabdocMlJdi  .   .     9 
The  inteMine  consisti  of  h  ample  rod-ihaped  or  sac  cavity  which  raiely  hu  lateral  diverticula 
and  never  is  divided  into  two  distinct  post-phatyogeal  branches.    Mostly  small  (p"-«  .>™.. 
more  than  a  few  millimeters  in  length.     The  foil      '       '  — ■         - 

comparison  of  structure  in  tbr  •™~  — — •  *.-j-«. 


...  r^^ryogeal  branches.  Mostly  small  (onns,  a 
The  follawing  Gguics  (Fira.  5^9  and  590)  fadlita 
orders,  Rhabdococlida  and  'nidadida  (p.  354). 


Pig.  S89.     Structure  ol  s  RbabdacaeL  Fio-sso.   StructunolsTikUd. 

DatyUU  nisi.    ConpreHcd.     ad,  iiiial  Diunm  of  1  Pluuiiu,     tt, 

fludu  (c.  buna mpulstni;  til,  duel  lad-  geaiuTtutun:  u.en:  ttm.aam 

tit  ol  the  mile  copuLatory  orun;  ia^  la-  J'.    aoteiiur,   and  J".    pMterior 

^1-.^  J-  A„^  ^ — iL  ^-^jr.  -_  ~. — .  I 1_-  ^J|  iniotiDM:  dc,  yolk 

„ dcrelacv  caoil;  taf,  a- 

cretoty  pore;  |l,  bnin:  f^,  genital 


put  ol  the  male  OKuLitoty  oinni  in,  io- 
lestinc  df,  duct  of  yoUi  ■laMT  fi,  ovary: 
|0,  aenitaf  pore;  mgc,  male  fenital  canal; 

i*^,  teuactot  niBcIa  ol  pbuyni;  fk,  ,  , ^, 

phaiyiu;    tt,  dmu;    ft,  reddiu  teticu-  pore;  iu,  looiltii 

lu  pi(iiwBi;  ft,  yeUow  picnent  cdl;  is,  nwuth;  ad.  ovidi 


lioii;     i^.    spUnctot 

e;  iJ,^  't- 


lereu;u,  Kmiulveiicle;  tl,  yolk  |lud;  i,  U,  teslaj  M,  a1 

eioiiliucal  cclii;   «,  vn;    u,  uteiui.     X  duct;    H.  tu 

JO.     (After  von  Crafl.)  BOhmig.} 


3  (77)     Pharynx  simple,  cask-shaped  or  rosctte-shaped.     Connective  tissue  of 
body  cavity  poorly  developed. 

Suborder  RhabdocoeU  .   .    3 

The  moenchyma  often  coosisti  of  but  a  few  strands  of  connective  tissue  and  contains  lalie 
•paces  filled  with  a  perivisccnl  Quid. 

3  (30)    Reproductive  organs  simple. 

Theae  forms  poaaess  no  aaxssoty  fenute  o_„ 

copulatonr  apparatus,  etc    Asexual  reproduction  among  rl 
■ectioo  oftht 
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4  (17)    Pharynx  siniple 5 


5  (ao)     Protonephridia  with  one  pripdpal  branch,  median  doraal  in  position. 
Family  Catenulidae  .   .    6 

Without  eyes  but  witb  dliftted  ints.  noD-pJKmented  Gght refracting  ocguis,  aod  in  one  genus 
k  itatocyst.  The  mouth  lies  on  the  ventral  ^e  of  the  anterior  end.  The  phAryni  opens  into 
the  ulterior  end  of  the  intestine,  Aseiuat  nprodudioa  by  budding,  thus  forminK  chains  of 
Eooids.  Itnown  for  most  spedc*.  Testes  in  front  of  ovary.  Both  teslei  and  ovaiy  may  consist 
of  one  or  more  lobes. 


6  (7)    With  one  statocyst  and  pre-oval  circular  groove. Caienuia. 

But  one  species  supposed  to  occur  in  Arnica. 

Catettuia  lemnae  (Anton  Dug^)  1832. 


Length  of  single  specimen  i  mm.  Rarely  1  to  4  or 
S  sooids  b  a  chain.  Delicate,  white  thread-like.  Head 
region_  set  off  by  a  drcular  groove  lined  with  long  dlia. 
i_.— .:_^   .1 —  __j  __j  ixntinuouB  through  chain  of 


intestine  short  and  11 


GnS  rcfanjs  the  European  spedes  C.  UmnM  as  prob- 
ably identical  with  the  spedes  wliidi  was  collected  in 
the  vicinity  of  Philadelphia  and  very  incompletely  de- 
scribed by  Leidy  under  the  name  Auorllia  pacilii. 
Until  further  collectiuns  of  the  Philadelphia  form  have 
been  made  this  must  of  necessity  be  >  matter  open  to 
question,  and  C.  lemimr  be  admitted  to  the  list  of  Ameri- 
can  spedea  tentatively. 


^J^t^ol 


•.mouth:  tf.auicicyst. 


nin;  crrcfli- 
rVDoGna.) 


7  (6)  Without  statocyst  or  pre-oral  drcular  groove.    With  ciliated  pita.  .  8 

8(19)    Ciliated  pits  well  developed.  Without  proboscis.  Steneslomum,   .  9 

9  (18)    Head  region  not  at  all  or  only  slightly  set  oS  from  rest  of  body.  .  10 

10  (t?)    Integument  colorless ir 

11(14)    Wall  of  digestive  tract  free  from  pigment 13 
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3  (13)  Anterior  end  bluntly  pointed,  ciliated  pits  about  as  far  from  end  of 
body  as  width  of  body  at  that  point.  Posterior  end  taper- 
ing imiformly  to  a  blunt  point. 

Staualomum  leucops  (Anton  Dugis)  1838. 

Length  of  tingle  lodividuala  0.5  to  1.5  mm.  Asa* 
ual  Teproductim  by  budding  1  to  4  zooids  aHnmon, 
rmnb'  J  looid*.  Inuitine  cootinuoiu  thraugh  EOoMb. 
Khabditra  small,  numerous.  Two  p&tellilonn  organs 
which  OMUiat  <^  numerous  spheiial  bodict.  Male 
teiualor^an*  mature  in  August,  (emale  in  S«i)t«niber. 
At  this  tmie  the  animal  becomes  large,  sluggish,  and 
aomewhit  iwidi«h-brown  in  color.  The  sin-tobed 
ovary  lies  under  the  intestine.  Hie  oval-stiaped 
testes  wiiidi  consist  of  maoy  ckmcly  compacted  lobes, 
lie  above  the  pharynx  and  opeo  into  the  seminal 
valde  which  leads  through  a  short  canal  to  the 
opening  on  the  dorsal  nirface.  Abundant  on  planu 
in  quiet  water  such  as  small  lakes  or  ponds.  Maaa., 
N.  Y,  n.,  Mich.,  Neb. 


I;  h,  haia;  m,  Bwuth:  it,  [aataiiq)hild- 

,, — ,-, — , .„,  .,, fit.    X  lOo.     IB)   Entinworai.    e>, 

ed  ixu  Ci  oSa:  b.  bnio;  ■,  nuutb:  fk,  phuyiu;  in,  intniini;  ».  [ntuDephridiunii  g>,  cMcnul 
of  jxotnaeptuidiiun.     X  locj.    (Atto  OtI.} 

13  (la)  Anterior  end  very  bluntly  rounded  with  ciliated  pita  very  near  the  end. 
Posterior  end  of  body  narrow  and  forming  a  long  slender  tail, 
somewhat  spatulate  in  shape,  except  where  division  has 
recently  taken  place,  in  which  case  the  tail  is  shorter  and 
more  pointed.    .    .    .    SUnostomum  speciosum  Stringer  1913. 

Length  3.15  mm.  A  laige  ihabdocoel  which  moves  rather  slowly  and  very  gracefully.  The 
dliaua  pits  are  placed  close  to  the  blunt  anterior  end,  much  Carlber  forward  thui  in  5.  leacopt, 
also  are  deeper  and  narrowet  than  in  the  Utter  form.  The  mouth  is  about  u  far  from  the  an- 
terior end  as  the  diameter  of  the  body  at  that  point,  and  is  surrounded  by  glands.  The  pharynx 
has  delicate  longitudinal  striations.  The  inleetine  shows  man^  large  highly  refractive  color- 
less bodies,  proMhty  fat  globules.  Nothing  definite  can  be  said  of  the  hght-refracting  organs 
which  wete  difficult  to  idoitify  because  of  the  unusual  size  of  the  animal.  A  few 
colkctcd  from  pood  with  5.  leuceps.    Linoob,  Neb. 
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yellowiah-brown.    Intestine  except  gland  cells  bright  yellow. 
SktUKlottium  lenutoMtda  von  GraS  1911. 


n  diHliM  of  4  Kmids  i.s  mm.     Slmdo'.     Postcnor  end  UMfing 

:r  toil  ((  to  A  □[  entire  length).     Point  of  tail  ael  with  adhesive 

oellt.  Integumect  coloiieis  and  contains  mauca  o(  i^mall  rbabdites  measuring 
np  to  4|M.  in  [ength.  E^deloty  pore  nearer  to  intestine  than  end  of  body. 
Two  patellifonn  atgtia  13  |i  adow  and  composed  of  loosely  joined  EpheiiaU  ' 
bodie*.    Rochester  and  CoM  Spring  Haibor,  Long  Ubnd,  N.  Y. 


Fro.  59^.   SUmabmum  tamiaatia. 


a  the  round  glisteninK  oil  drops. 
Slenoslomum  agile  (SillimaD)  1885. 


Length  d  siilgle  individual  0.75  mm.  Guinsof  two  rooids  meuure  i  ,$  nun., 
those  oC  five,  4  mm.  Light-rdiactinc  organs  lens-shaped.  Rhabdites  small. 
Posterior  end  bears  adhesive  cells.  Pfaaiyni  long  aoa  provided  with  glands 
throughout  its  entire  length.  Seiual  otgans  sinular  to  5.  leucBps.  Monnie 
Co.,  N.  Y. 


■59» 

B 
17  (10)    Integument  bright  yellow. 


.  Stenostomum  grande  (Child)  1902. 


Length  of  chains  of  4  to  G  looids  1  lo  3.1  mm.    Pre-oral  regioo, 

the, rounded  beak-like  portion,  white.     Integumenl  bright  yellow,  ,. „ 

somewhat  darker  yetlow,  intestine  deep  oiange-yellow.    tUiabditei  small, 
especially  numerous  in  anterior  end. 

Two  patelliform  organs  composed  of  about  15  spherical  bodies.  Posterior 
portion  of  nearly  cylindrical  musculai  pharynx  sometimes  shows  folds  as  a 
result  of  contiactioa.  Intestine  slightly  lol>cd.  Kodiester,  N.  Y.  Bnddsh 
water,  Falmouth,  Mass. 


^.pfauyDi;  j 


idf.    (A 
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18  (9)    Head  region  distinct  from  rest  of.body, 

SiMoslomum  coluber  Leydig  1854. 

Length  6  mm.  WMtli  about  oDe-thirtieth  the  kofth.  Vety 
(lender,  white,  thread-like  witb  snoke-likc  movements.  Head  regioa 
broader  than  the  rest  o!  the  body  witb  bluDt  point  at  anterior  e 


(?):  <u,  pcMonephiidioii 


-    (8)    Ciliated  pits  shallow.    A  club-shaped  piobosds  is  present. 

RJiynehoscclex. 
Only  one  spedes Shyncioscolex  simplex  Leidy  1851. 

Length  4  to  7  mm.  Color  yellowiih-white  opaque.  Anteiiraly  abruptly  ^ttcDuated  into  a 
long  cylindricaJ  davate  pn>b<Mcis:  anterioT  end  abruptly  oairowed,  obtusely  rounded.  Fro- 
boods  ihowa  longitudinal  and  numeroua  transverse  marks.  Mouth  ventral,  at  the  bue  of  the 
ixtibosdi.  Intestine  itiaight  and  capadous.  A  unall  wriggting  worm  found  among  yeUowiah 
irapients  of  vegetable  matter  and  conlervae  at  the  bottom  of  dear  brooks  in  the  vidnity  o( 


Mouth  a  longitudiDal  alit  on  ventral  suifaM,  intcMine  occa^onally  with  aide  lobe*.  Pnto- 
Dephridial  brandies  open  in  aotoicH'  aid.  Testes  and  ovai^  either  p^red  or  unp^«d,  with  two 
ventral  )eiual  porca.  tbe  male  posterior  to  the  female.    With  or  without  eyes  and  dliated  pits. 

31  (34)    The  intestine  extends  dorsally  and  uitenoiiy  beyond  the  junction 

with  the  pharynx. Subfamily  Mickosiouinae. 

Only  one  genus. Microstomum  .  .    31 

as  (33)    With  two  reddish-yellow  pigmented  eye  spots. 

Microslomum  Kmart  (MttUer)  1773, 


Length  ol  single  individuals  i.S  mm.  I 
up  to   iS  looHk  with  a  length  of  g  to 

Slender.   Very  active.   Cokir yellowUi to ,_ 

brown,  larely  rose-colored,  with  the  Inlotine 
always  darker  than  tin  body.  Pre-oial  portkm  of 
intestine  short.  Two  snuU  dhated  pits.  Nettle 
cella  at  mnatOQ'sts  in  plaoe  of  rhab^tes. 
Male  sexual  oigaaa  with  paired  testes:  slender 
chitioous  spicule  of  copulatory  organ  witii  curved 
point-  Ovary  unpaired  and  medwo  in  pontica. 
In  fresh  and  bi*<±iah  water.  Monroe  Co.  and 
Ontario  Beach,  N.  Y.;  West  Twin  Lake  and 
Round  Lake.  Mich. 


.     .  <^,  dliated  pit;  «., 

S.I "'  (STchiliHSliTSmSSS^oI 
(Allei  Schultsc.} 
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33  (33}    Without  ^es. Uicroslomum  CMtdatum  Lrady. 


Length  T.5  to  3  mm.    Commonly  to  diaiiu  of  1  to  8  zooids. 

NenutocyMs  in  place  of  rhabditcs.  Color  oC  iotegumeDt  vhite,  in- 
teMina  yellow.  Ciliated  pits  directly  doiial  to  mouth.  Pre-oral 
pMtkm  of  Intestine  >hort.  Anterior  end  bluntly  rounded.  PoUe- 
rior  end  narrower,  bluntly  pointed,  tail-like,  elevated.  In  itandins 
water  and  imall  brooli,  Monroe  Co.,  N,  Y.:  near  Philadelphia,  and 
in  West  Twin  Lake,  Charlevoix,  Mich. 


34  (at)    Fharyns  opens  into  anterior  end  of  the  intestine,  whidt  has  short 

lateral  divertictila Subfamily  Macbostohinae. 

Only  one  gCQus Macrostomum  .    .     35 

35  (36)     Chitinous  portion  of  copulatoiy  organ  a  broad  straight  funnel  with 

the  sleoder  point  bent  at  a  right  an^  or  nearly  so  and 
bearing  on  its  convex  side  the  small  opening.  Vesicula 
semin^  and  vesicula  gianulorum  connected  by  a  narrow 
tube.    .   MacToslomwn  appendicuialtim  (O.  Fabridus)  1836. 


Hut  ii  the  form  kitown  u  It.  kyUrix  OcDted 
iftu.  Length  3  mm,  Unragmented,  transparent. 
Body  Sattened  cspnially  &t  the  ends.  The  ^atulate 
posterior  end  set  with  adhesive  papillae.  Rhabdoids 
and  long  acosorv  hairs  conspicuoug.  Two  eyes. 
bUck.  Protonephridial  tubes  open  on  median  dorsal 
side  back  of  the  sUl-like  mouth.  Testes  and  ovary 
botb  paired.  Asexual  reproduction  not  known.  In 
runniiis  and  standing  water.  Monroe  Co.,  N.Y.;  Lin- 
coln, Neb. 


HiKt  (iftndiwIaJim.  Ul  Entire 
;  pi,  puryDi;  di,  divertkuluin  of 
le,  testes:    ri.  vss  deferens;    if. 


18)  Chitinous  spicule  enluied. 
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36  (95)  Chitiiwus  spicule  of  dmis  a  straight  narrow  tube  tapering  to  a 
somewhat  variably  curved  point.  Vesicula  seminalis  and 
vesicula  granulonun  separat«l  by  a  short  constriction. 

Macrostomum  setuilivum  (Silliman)  1885, 


LcQSth   I 


Color  graylih- 


cst  through  nuddle.  Posterior  cad 
narrowed.  Rhabdites  prewnt  in  ia- 
tcgumcDt  in  large  Bumbera,  eitlier 
singly  or  in  twos  and  threei.  Rhab- 
dite  tracts  cons(HCUDi]S  in  ulterior 
end.  Intestine  with  lateral  diver- 
ticula. Protonetduidium  communi- 
cates through  a  pore  with  mouth 


bnio;  (.  eye  wilh  Ieih; 
Unouth  the  pan  (^1  is 
bun.  Xiso.  (After  SU 
nbJEctal  to  prwure.    K 


iih  water,  Falmouth,  Man. 


<B)  Mule  copubUiy  « 
J e  copulatocy  orgu  not  ue 


cUtuBm  pomt.    Uitch  enluied.    IB,  C. 

37  (4)    With  a  tong  cylindiical  bulbous  pharynx.  .    Family  PsoKHYHCHlDAE. 


The  pharyni  ii  Temaritably  Urge.    He  mouth  is  in  the  interior  end.    Testes  with  ni 

follidei.    Ovaty  not  paired.    Two  seiual  ports,  the  fem^  pore  on  the  ventral  side.    Themale 
*muU  organs  open  near  the  mouth  or  unite  with  it. 

Only  one  genus Prorkynchui  M.  Schultze  .    .     28 

a8  (19)    Without  eyes. Prorkynchta  slagnalit  M.  Schultze  1851. 


Lenfth  to  6  mm.,  commonly  much  nnaller.  White,  thread-like.  Tiro  cili- 
ated pits.  With  numerous  pear-shaped  glands  id  the  integument.  Pharynx 
about  1  of  total  length  of  body.  Protonepiuidium  with  four  principal  brandies, 
two  d<nsal  and  two  ventral.  Chitinous  portion  of  cirrus  straight  and  itiletto- 
thaped.    Monroe  Co.,  N.  Y.;  brackish  water.  Falmouth,  Mass. 


Fia.Coi,    PnriymclUu  tIatiiaUt. 
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99  (38)  With  two  veiy  small  eyes,  yellowish  by  transmitted  light,  whitish  by 
reflected  h^t,  lying  just  before  the  brain  in  the  widest  re- 
gion of  the  phaiynz.  .  Prorkync/nu  applanaluj  Kamd  188S. 

LeDgthtrnm.  While.   Body 
—  '  much  Battsted  at  both  otds. 

Pharynx  very  musculu.  Id- 
testiiw  ■  tlaider  itni^t  tube 
with  ooe  divertkulum  extend- 
ing antoioriy  under  the  phar- 
ynx ond  numeroui  slender  very 
dosdy  >et  btenl  diverticula. 
Pla.6m.  AgrlyiMlHaMteMfH.  FnmlilB.  x  ».  tAfurKcdod.)  Grerahouae,  Univenity  ol  Ne- 
brHk»,  LuKOln,  Nd). 


30  (3)  Female  sexual  organs  divided  into  ovaiy  and  yolk  glands.    Male  sex 
organs  complex Section  LEdTHOPHOBA  .    .     31 

Ovuy  in  genenl  mull  and  simple.  Yolk  glands  extremd/  variable,  elongated,  k>bed,  or 
tonning  a  netwocfc  vhich  anaMoinoaei.  Chioiknu  poctim  of  male  ccqMlatary  organ  very 
complicated  and  variable  in  form. 


TUt  division  cmtaini  the  greater  part  ol  the  fresh-water  TurbelUria. 


3a  (61)  With  a  cask-shaped  pharynx  parallel  to  the  ventral  surface  or  slightly 
inclined  and  with  the  end  directed  forward.  But  one  genital 
pore.     . Family  Dalyeujdae  .    .     33 


excntion  ol  the  genus  Opiilomum,  which  is  not  in>resent 
^picalb*  casic-ihaped  and  opens  into  the  anterior  end  of  the 


D  this  country,  the 


pharynx  ia  typiolb'  caiic-ihaped  and  opens  into  tlie  anterior  end  of  the  intestine.  The  genital 
poreopen«on  the  veninU  surface  pottenor  to  the  mouth,  Ovan  simple.  Yolk  glands  variable, 
fenule  reccptacuKun  seminisandasiinpleuterusarepresent,  Testesalways paired.  CbitiitouB 
portion  of  male  copulatray  organ  often  very  complex.  Pigment  eyes  usually  present,  but 
without  other  sense  orgaru.  Protonephridium  consists  of  two  principal  branches  which  open 
on  the  ventral  surface.    Shabdwdi  and  glands  of  integument  prominent. 


33  (60)    Without  a  separate  pocket  for  the  chitinous  part  of  the  drrus.  .    34 


34  (59)     Sexual  poie  in  posterior  third  of  body.    The  paired  yolk  glands  u 
branched  and  separate.    .   DalyeUia  Fleming  iSai   .   . 

This  is  the  one  commonly  known  as  Vortti  Ehrenberg  183I. 
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35  13,6)    The  chitinous  portion  of  the  male  copulatorv  organ  is  rq>Tesented 
merely  by  the  chitioous  tube  of  the  ductus  ejaculatorius. 

Dalydlia  itUrmis  von  GraS  igii. 


Anxncny  iNEment  ipots  irregularly  grouped 
near  the  eyei.  Tlie  locomotoi  movemoitB 
«re  veiy  quick.    Rochesler,  N.  Y. 


Fia.604.    DatyJliamtriim.  U )  Vsdtnl  view, 
■Uchlly  comproKd:  e, eye;  <■.  mouth;  fi.yolk 


topuktory  omn:   It.  te«i__      

bsive  duk  oTpaiteriiK  end.    (O  Mile  copuli- 
twy  orgao  enlarrHl:  ik,  cfaitioouB  tube;  hi,  vaa- 


36  (3s)     Provided  with  true  chitinous  organ. 


37  (38)    Chitinous  portioa  of  cirrus  consists  of  a  single  chitinous  spine. 

Dalyellia  rochesUriatia  von  Graff  1911. 


Scarcely  i  nun.  long.  CkHely  resemblesS,  rkusi.  Colorless,  transparent 
with  very  small  dermal  iltabdites.  Brownish  mesenchymalous  pigment  not 
so  abtuidaot  aa  in  D.  rhtai.  Inlestioe  reddish-ocber-yetlow.  Soual  pore 
Hes  just  poaterioi  to  the  intestine  in  the  beginning  of  the  last  third  of  the 
body.    Rochester,  N.  Y. 


ivi.  60J.    D*lydlia  lacluilmena.   Male  (opulilory  otgao  enluged:  d,  diitinaa 
■pioe;  »,  micula  icaiiiulii;  ti,  vi^cuk  gnnuJonun.    (After  voo  OnA.) 


38  (37)    Chitinous  portion  of  dims  consists  of  more  than  one  piece. 


39  (44)    Chitinous  portion  of  dmis  consists  of  a  number  of  transverse  spines 
arranged  in  a  row 40 
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40  (41)    SpiDM  of  unequal  size  and  shape  set  in  a  basal  piece. 

Dalyeilia  dodgei  von  Graff  1911. 
Lcn^b  raTcty  moie  thin  j  mm     IntegunKni  colorleu.    IntntioF  gmnlih  from  amUlaed 
bI^c.   UesendiyiM  mottled  witb  Kpu-bmwn  pigment.   Eye*  black.    Fouod  v«y  coDUOOnly. 
"-  ■-    -  r.N.Y. 


Fio.  606,  IMyOlia  iadtei.  M )  Venlnl  view  ■liihll)' compmud.  X6s.  (fl)  Male  copuUtofy  v^in 
■tTDivly  compnaed.  ExplinitioD  of  figun:  be,  bum  copulktrix;  tk,  chitiodui  or^iinj  Lf.  ndlvive 
IKpillui  i.  inlatlac;  •,  cu;  i,  bnin;  or.ovuy;  (o  genital  poni  i#,  grupipf  papUlu  ol  phuyni:  >|, 
volculi  gnDulonim;  m,  mouth;  mifi,  mue  getutiL  cull;  fk,  phuynx:  >r,  cimu;  fi,  ucaoidiymk  pig- 
DWDt;  n,  RizpUculuni  Kmiiulii;  if,  ipum  mua;  M.lala;  n.j'oUgliiiicl,»,  vcvcula  Kmiulii.  Much 
cniirgBl    (Alter  vod  Cnff.) 

41  (40)    Spines  of  same  size  and  shape,  arranged  loosely  in  a  ring  without  a 
basal  piet:e 4a 

43  (43)    With  a  crown  of  about  16  spines,  tapering  from  base  to  the  point. 

Dalyeilia  eoitmam  von  Graff  igii. 

Length  0.3  to  0.5  mm.  Color  of  me- 
send^nnatoui  fluid  poie  yellow  with 
spherical  bodies  which  coatain  dnnamoa- 
brown  giuules  in  ■  dear  brown  fluid. 
Rhabdilei  ^lort  and  relatively  thick  and 
rounded  at  both  ends.    RodKStet,  N.  Y> 

Fio.  60;.    Dalydiia  Kiimta*i.    MlVmtnl 
t  Cu     view  UDCompr^Kd.    X  ion.     (S)  Mklecoputa- 

tory  ippantui.  X600.  EjplarmCiiiD  of  Siunt: 
he,  bvVH  oopul>[rii;  be, ,  bliod  uck  of  buru; 
k„>  opening  of  bliikd  uc;  €.  egg;  t,  brrin;  m, 
mouth;  i«,_oyiuy;  (o,Brdit»l  poie;  rs.  recepta- 

(j,  rU  duid;  at.  commDB  itijuni;  a,  cooiIds 
of  the  mile  copuluory  argini  iplo  genitiii  cuul; 

SvaicuU  fnnuloiuin;  i>,  iperm  hub;  ek, 
itinoui  oowD  of  ipioei;    da.  iDtestinc;    pK 
lUtannu;  tb,  cnDule  of  lecttticM-    (After  van 


Di„m,db,G00glc 


THE  FREE-LIVING  FLATWORMS  (TURBELLARIA)  343 

43  (43)    With  a  crown  of  8  spines,  thickened  near  the  middle  and  tapering 
to  fine  points  at  both  ends. 

Dalyeitia  blodgeUi  (SiUunan)  1885. 


pA 


Length  0.6  mm.  Co1i>t  light  brown. 
A  Dumber  of  scnsoiy  hain  on  anterior 
Old.  Btual  piece  of  the  tube  which 
encloses  the  sfAan  is  not  chitinous  but 
membranous  and  phced  in  the  male 
genital  canai  which  opcni  ioto  the 
attium.  Erie  canal,  Rocheiter,  and 
Monroe  Co.,  N.  Y. 


eo8.  DahtOia  ittiiM- 
.  brtio;  t>,  yolk  fUod:  t,  < 
t,  ovuy;  ht  buna  copuut 

"(fllCfmrnolipii 
o[  nule  copulil 


(AAdt 


E 


„  .  )  iDia  tl^  nnitsJ  cull'  Fiimi 
a  itronjiy  compreiKa  prcparuloe.  Voy 
much  enUiged.      (Alter  von  Gnff.) 


44  (39)    Chitinous  portion  of  cirrus  bears  two  longitudinally  placed  stalks 

on  one  end  of  which  dther  one  or  two  longitudinal  terminal 
branches  are  set.  The  terminal  branches  may  be  set  with 
spines 45 

45  (46)    Each  chitinous  stalk  bears  two  terminal  branches,  one  set  with 

spiDGS  and  one  with  no  spines. 

Dalydiia  fairchildi  von  GraS  1911. 


lad  color  to  D,  ritai  but 

I1  a  longer  tail  and  the  uterus  lies  pot- 
^seiual  pare.    The  egg  is  round  to  oval 


140  fi,     Yotk  glands 
lobed.  barely  notched. 


Fig. 609.    DalytOia  fairMUi.    (A)  Male  copuklnjr 

••  JO.    (B)  ChltiDDU*  piece  cnluitd.    X 

ojo.  oi,  auciuiKminuia;  tu.outerbTuch with  ipinca 
folded:  vi.  iiiiier  branch  with  no  ipjna;  mt,  median 


m'oita.l 
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46  (45)    Each   chitioous   stalk  bears  a  tin^   temunal  branch  set  with 


47  (50)    '^c  spines  on  the  terminal  branch  are  jointed.  . 


8  (49)    Each  spine  consists  of  three  joints.     Stalk  long,  somewhat  variable 
in  shape Daly^ia  rhusi  voa  GraS  igii. 


Lenathimm. 
B^  tredy  the  K 


B^  fredy  the  aoterior  end  b 


iDtCKument  colnka  witli  nu- 
meroui  ddicMc  tfaabdite*. 
UewDchymi  colored  by  aepu- 
brown  lo  doTuunon-rcd  ktmii- 
uies  in  a  dear  ydlow  fluid.  In 
the  living  wnipifj  th^  btthk 
Rgioo  apiMus  cleu  white  and 
tbc  vcntnl  mriKC  lifter  li 
color   f  •       ■       ■ 

black. 


Fu.  tio.    IMyUlo  rtwJ.  (A) 
^Ib  onvRMd:  tt.  totw  (^ 

ti,  cUtiooui  uniaa  of  dnuti  it. 
duct  ol  yolk  ^ud;  k.bunaaifH- 
btiii;  tf.  iraital  pon:  (,  an;  «•. 
ovuy.  X  6b.  (b)  Mile  cofiil*- 
tory  ainntui:  ^,  dm  tube; 
met.  Bilk  Jl™''*!  euuli  (,  opeit- 

■trium;  f  I,  fluit  HtSk  c<  chHiiuin 
piMC  X600.  (OUadiuTcatnl 
nooved  piaca  (m)  luiwd  bukt 
M.TuiMkioiaMak.  Xtoo-lAfUt 
ToGotfJ 
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49  (48)     Each  spine  a>nsists  of  two  joints.     Stalk  much  reduced  and  variable 
insh^M Dalyeliia  artiailalo  von  GtaS  igt I, 


Jii    Dtlyeaia«r«aihl*.    

K  copulitriii  Cil,  chkiDuu  put  ot 


50  (47)    The  reduced  ^ines  on  the  tenninal  branch  are  unjointed  and  con^t 

of  but  one  piece 51 

51  (53)    The  dorsal  transverse  bar  bears  a  row  of  fine  spines. 

Dalyeliia  mohkana  von  GtoS  1911, 


Fkc  nrimmlnK.  ot  extremely  slender  fonn,  dmilar  to  D, 
TBtti.  Anterior  end  of  the  qhitinous  portion  <A  dmis  not 
sharply  defined.  DiSerafrom  D,  rruii  chiefly  in  structure 
of  tbe  cbitinoui  organ,  the  ilalk  ol  which  is  not  so  brow] 
or  3&t  IS  in  th>[  (otm.  One  tenniual  branch  of  this  organ 
bewB  eleven  curved  leeth,  the  other  seven  of  the  nine 
tsiie  and  one  which  is  larger  and  three  sided.  The  trans- 
verM  bar  itean  a  tow  of  stnight,  ahaiply  pointed  vines. 
Brackish  water,  Falmouth,  Klass. 


X  6a.    iB)  Chjtii 


Dalyeiiia  maiaatta.    [A )  The  uiiinA]  twimmitiK. 

vi-i — 1  Dart  of  diTm.    UudienUrwI.    "  — '' 

il  ipiBa;  If,  itilk;  ti.  doruJ  tn. 

BOiog  pieca.    (Anuveo 
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S3  (48)    The  dorsal  transverse  piece  between  the  longitudinal  stallu  has  a 
single  median  chidnoua  spine 53 


S3  (54)    The  median  point  is  rudimentaiyj   much  shorter  than  the  terminal 
branches Daiydlia  mridis  (G.  Shaw)  1791. 


when  there  ia  a  brownidi  pigment,  but  with  ■  ocotiDuous  layer  of  loo- 
chkirellae  under  the  intecunient  giving  Ihe  chumcIeriMic  green  color. 

RnrhHtri'    N    V. 

of  dmn:  il.  twii-f>*nal  lUA; 


54  (53)    The  median  point  is  as  long  as  the  terminal  branches.  . 


55  (56)    One  terminal  branch  is  not  jointed  but  consists  of  a  single  piece 
shaped  like  a  plow-share,  and  does  not  have  spines. 

Daiydlia  armigera  (O.  Schmidt)  i86r. 


L«nf[th  0.6  to  1.5  mm.  Color  yeUowish,  reddish,  or 
bTDwnish'gray.  Fhkcyoi  very  large,  almost  one-fourth 
of  entire  length  of  body.  Anterior  end  blunt,  tail  with 
adhesive parnllae,  Swimsactivelyal  the  surfaceof  stand- 
ing and  running  water.  Brooks.  Monroe  Co.,  N.  Y.; 
Lake  St.  Clair,  Mich. 


Flo.<i4.  Daiy^iaarmitm,  (jUIlvior.uacoinpRSKil.  X 
(B\  cUlinaui  portion  o(  dtnu:  m.  mtSui  point;  lu,  term 
bcancb  with  3  to  g  (nuatlv  7  or  8)  uHoea;  ooi,  lermiiu]  brm 
■haped  lik«  a  plowshare;  j,  dorul  and  veotral  cmaa  pk 
M,  Malk.     X  soo.    (Alter  von  Crafl.) 


56  (.SS)    Both  terminal  branches  bear  a  row  of  plates  or  spines. 
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57  (58)    Tenninal  spine  of  only  one  cenninal  branch  unlike  the  others  in 
shape Dalydlia  rossi  voa  GislS  igii. 


Length  B  little  over  i  mm.    Similai'  in  form  to  D.  rhttti.    Color  ol 

mcKucbyma  bri^it  or  duk  leddish-vellow  to  diuuuiioa-brown.    Eyes 

brown   or   black.      Intestine  biowBiih-yellow.     Adhesive   celli  on  short 

tail.    Common  at  Kochester,  N.  Y.    In  brackish  water,  Falmouth,  Mass. 

soi     See  Fig.  589  for  view  of  entire  animal. 

Fio.  6i].  DaJycUin  r«iJ.  Ouliwxu  put  of  mule  copulalory  DRua.  if,  ctitin- 
0V4  stalk;  r4iUidui,  tsmiiul  biuKhei  with  tjiaeai  iM  and  h^  median  vcDtral  and 
donal  pnjcctiom.    X  iSj.    (Alter  too  Grafi.) 


58  (57)    Tenninal  ^ines  on  both  tenninal  branches  unlike  the  others  in  shape. 
DalyeUia  sUHmani  von  GraS  1911. 


Length  I 
mats  the  m< 


<i6.    DalytOia^iiaimaHi.    (4_)  aligl 

'entral  grooved  ct 


... .  aJightly  comprtsied:  ij,  bu 

_ u.  volcuk  lemiiulii.    X  to-     (B)  Male  copulatory  or 

cbitiwHl  oian;   Mr.  Kisnullt  EUnds  ol  one  side:   .' 


Hint;  n^,  vetrsctor  muscles;  mv.  median  ventral  grooved  cbitinous  piece;  po,  drnis  opeiiiii|(;  vd,  vas  de- 
icteDs;  V,  nsicula  leminalb;  J|,  last  chltinoui  ptate  of  riftht  terminal  branch;  j^.  laat  chitinous  plate  of 
left  tcfmiul  facaacb;  f,  stalk.     X  550.    f  After  von  GraS.J 
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59(34)    Sexual  pore  anterioi  to  the  middle  of  the  body.    Yolk  glands  branched 
and  either  separate  or  united  to  form  a  network. 

Phaettocora  ^renberg  1836. 
This  is  the  gccui  (ocmeriy  knom  u  DtrvMmtm  Oentcd  1843. 
Only  one  apedes  known  in  this  country. 

Phamocora  agassia  von  GraS  1911. 
Length  I  to  3  mm.  Milk-wliite.  Intestine 
gieenidt-yeltow.  Eyes  redduh-ydlow.  Betvcen 
the  eyes  and  the  pltij^riu  oi  extending  over  tlie  tn- 
teriot  end  of  it  there  a  k  «Hie  of  so-odled  ciyst&I- 
loids  which  «ppe«r  clesr  or  payiah-brown  ia 
tnnsmitted  light.  Thli  spedes  ii  an  eiceMioa  for 
the  genus  in  that  it  possesses  rhibditet.  ntaiynx 
■    '  '    "'  r  less  deeply  lc£ed. 

Fia.61;.    PteMMsnOfSuM.    f  llllljllllj IIIIMIll 

U,  lolcK  ^.  intettiKi  pli,  phwyu.  X  ».  IB)  An- 
terior put,  ouund:  jlr,  ctTiUlM&i  k,biuv<i>paUtrii; 
mm.  miBcIca  ol  hum:  it,,  naaiiatl,  and  d*t,  dndl  putt 
ol  duciiu  ejsauUoriiu;  i<,  duct  of  jrolk  (Und:  ii.muy; 
to,  gcnhal  pofv;  rr,  noifitKidaMi  ff"mff;  «■,  bjc    X  70. 


^  (33)    With  a  separate  pocket  for  the  chitinous  portion  of  male  copulatory 
organ.     Sexual  pore  lies  in  last  third  of  body  .    .  Jetuenia, 
Only  one  q>ecies  known  in  this  countiy. 

Jensenia  pinguis  (Sillinian)  1885. 


Length  about  i.s  mm.  Color 
brown  to  nddisli,  darkest  in  middle 
of  body .  Male  genital  anal  divided 
at  its  connection  with  the  common 
alrium,  one  brand]  fomung  the 
podcet  for  the  chitinoui  Qig»n  while 
tlie  other  leads  to  the  seminal  ves- 
ide.    Rochester,  N.  V. 


Flo.  61B.  Juutmla  fimmii.  (A)  Eolire:  m,  mi 
e,  tye;  pk,  pharynr;  i,  |Und^  i,  intcttiDC.  X  io. 
orguu  from  uiimaL  compreaed  from  ude:  bs,  buTU 
da  of  udk;  ik,  pot^el  whJdi  cootviiB   ' 


^LL  cUndi;  U,  tcslc*; 
.     Xte.     (AltH  VOD 


61  (3a)    Pharynx  rosette-shaped,  standing    perpendicular    to    the    ventral 
surface F^ily  Tyfhloplanidae  .    .     62 

T\x  genital  pore  lies  baii  of  tlie  mouth.    Ovaiy  □ 

organs  variable.    Protonephridium  with  two  main  bn , 

openings  on  the  ventral  surface  or  may  lead  to  the  surfice  through  the  mouth  or  sexual  pore. 

Eyesi  noo-pigiDeiited  light-refractingjirgaiis;   dilated  pits  may  be  p  " 

!r  uid  whiter  CI 
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63  (63)    Genital  pore  in  posterior  third  of  body.   .    .    Tribe  Olisthanellini 


Single  genus  thus  far  reported  in  America Olislhaneila. 

Only  one  spades  in  this  country.  .  OU^hantUa  caeca  (Silliman)  1S85. 


Lrasth  i_.3  mm.  Without  cyei.  Without  long  louoty  hairs.  Color 
gnyi^.white.  Sometimes  appBrectly  colored,  due  to  food  in  iDtea- 
tlne.  Fhacyni  roaette-ahaped  and  nearly  central  in  positioo.  Into- 
tine  Urg«.    Rlubditis  and  tracts  prominent.    Female  organs  <mly 


FM.  6l«.    OfuttdiHUa  uau.   f*,  phinui  i,  intatiiie;  h,  bnin;  W,  yolk 


S'i.'itffiiil 


n.owary;  f*,  (caital  pare; 


63  (63)    Genital  pore  in  anterior  two-thirds. 64 


64  (71}    TestcB  ventral  to  the  yolk  ^ands.    Rhabdites  only  in  meaenchyma 

tracts Tribe  Tvphloplanini    .    .     65 

Protonei^iridia  with  two  main  branches  which  con _ 

transverse  bnuch  which  leads  either  to  the  mouth  or  to  the  genital  attiuiti.    Witb  01 
ttoal  oopulatoty  organs. 


65  (66)    Anterior  end  of  body  a  retractile  proboscis.    .    ,    Rkynckomaostoma. 
Only  one  spedea.  .    .    .     Rkynchomuostomo  rostratttm  (Mllller)  1773. 

Length  2  nun.  European  apedment 
reach  a  length  of  5  mm,  wbed  extended. 
Very  tranqjaroit.  Body  fluid  cMe  or 
yeUowiah-red  in  color.    Intestine  contains 

yellowish-red  oil  droplets.  Ventral  surface 
flat,  dorsal  coovei  Anterior  end  of  body  like  a  telescopic  tube. 
Hiarynx  small  lying  somewhat  before  the  middle  of  the  body. 
„„v ^  Y 

Fio.6(o.   KkmcktmtiiaUma  raikalmm.    (A)  Proboscis  Dattly  eileDdid. 
""  -  "  -      -   '     ■-    o.    (After  von  GnS.j 


66  (65)    Anterior  end  of  body  without  retractile  proboscis. 

67  (70)    Without  atrial  copulatory  apparatus. 
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68  (69)    With  a  separate  receptaculum  seminls,  whose  short  duct  b  closed  by  a 
muscular  ring.   Dennal  ihabdites  present.    .   .  Strongylostoma. 
Only  one  species  known  in  this  oountiy. 

Slrong^sloma  gottocepkalum  (Sillim&n)  1S85. 

Length  i.i  mm.  Mooic^'nu  yetlowiih,  uitcstiiM 
withyeUixridii^dtopIet*.  Eyes oinniiie  red.  Small 
rfaabdilea  are  pcoent.  Thii  form  diSera  from  the 
widely  distributed  European  fonn,  Sirmtylcilvmo 
roJioiaw  Mullei  chiefly  in  the  pnmffiiiiin  of  two 
ihallow  oval  pita  which  lie  doae  bdiind  the  eyei  at 
the  lide.  Tbc  integument  ia  slightly  reiaed  around 
them  and  each  bean  vacuoles  and  ihabdoids. 
Eioetory  pore  opens  into  mouth,  Erie  Canal, 
oeCo.,  N.  Y. 


M<mioe  C 


SrauyUiltma  lauaticlmm.     Ml  Entlra 
U  oTSibdlta;    "    


. „. f  ttiibdita;   M,  pharyni;   .. 

&j,  buru  Koiiiulk;   ti,  yolk  ^andi;   *,  dmu;  ftf 

, _e,  tat  capHik.     Xto.     (Alter  SilliinM.T     {B)  Out-  line  o( 

end  wltta  eye  (w)  and  •hiUoo  pit  (i/)  ol  one  lide.    Enluged.    (A 


6g  (68)    Without  a  separate  rcceptaculum  seminls Typhhphna. 

Only  one  species  known  in  this  countiy. 

TyphlopiatM  nridala  (Abildgaard)  1790. 

Length  0.5  to  I  nun.  Tnuuparent.  Zoochlorellae  in  the  mesenchyma  give 
it  a  graaa-green  color.  Tapering  at  both  ead>.  Without  eyes.  Antnioi 
end  blunt&  pointed,  posterior  end  pointed.  Pharyni  just  anterior  to 
center.     Sexual  pore  dose  behind  phaiyni.    Vivipuous.     The  sununei 


Luther  aiuTviui  Graff  r^ard  the  form  collected  from  Monroe  Co.,  N.  Y., 
and  deaoibed  by  Sillimaa  under  the  name  of  MesBilomii  tinpamm,  also 
those  CoUeCled  from  West  Twin  Lakes  and  Old  Channel  Round  Lake. 
Charlevoix,  Mich.,  and  described  by  Woodworth  under  the  names  M. 
viripamiH  and  if .  vindalum,  as  identical  with  the  European  species.  There 
•eons  to  be  no  doubt  that  this  is  the  case.  TypUnt^^im  viridala  was  col- 
lected by  von  Graff  at  Rochester,  N.  Y. 


.dbyCoOgIC 


THE  FREE-LIVING  FLATWORMS  (TURBELLARIA)  351 

70  (67}    With  atrial  adulatory  apparatus. 

Catkada  kofmanni  (M,  Braun)  1885. 
LeoKth  i-s  mm.  UapumcDted.  Cobred  gnea  from  ioodik>- 
relke  m  misenchymA.  CylindriciJ.  Anterior  end  rounded,  pos- 
terior end  niuning  out  to  &  blunt  point.  Witlioiit  eyes.  IJuse 
rhabdoid)  in  tnu:t«.  Pfauyoi  Bomerhst  before  the  middle  of 
the  body  with  genital  pore  shortly  b&clc  of  it.  Testes  are  elon- 
gated oval  to  pear-sbaped.     Yolk  gUnda  are  deeply  lobol.    The 

,  m&le  copulatoiy  organ  and  buna  copulaUii  are  entirely  enclosed 

by  the  muscular  mantle  of  the  atrium  copulatorium.    Bochcatcr, 


Diaoam  EnMn  inpandou  nibfected  to  proaun:    u, 

Ut;   u,  RrarxulaT  Kcrclion^  sp,  ^lermatophore;   put,  dr- 
I.  teethJle  yim;  ac,  aUium  copulaloriiun;  it,  ductui 


Fro.  Gij.    C*ilf»ia  kt/maumi.    QrriB,  buna  csfwlatrii,  and  lUiom 
1^. — r — _    uii^jQ  btun  jnparatlou  tni' — """■  '"  "" 

inaUa;   *i,  anmilai  Kcrelion:  if, 
1;  t,  teetlMike  qiiaa;  ac,  atrium  c 


:>  in  anterior  tvo-thirds  of  body,  Protonephridial  ducts  open  throu^  mouth 
.  most  Typhloploniai  and  in  some  cases,  mouth,  pratonephridia,  and  genital 
nrnmon  exterrial  opening.    Bhabditn  [rtay  a  vciy  impoilaDt  part  in  c1>m1- 


71  (73}    With  a  ventral  epidermal  pouch  and  a  ductus  spennaticus  which 
connects  the  bursa  oopulatrix  with  the  female  genital  canal. 
B<ahromesosloiiki, 
Only  one  spedes  known  in  this  country. 

Bothromesostoma  ptrsotudum  (O.  Schmidt)  1848. 

Length  7  mm.  Color  on  anterior  and  posteiioc  ends  and  on  bteral  maigina  and  ventral 
side  a  dear  brown.  In  mature  specimens  the  pigment  is  so  massed  that  together  with  the  daifc 
coIn'  of  the  intestine  it  gives  a  dark  brown  to  bluish-bladE  color  to  the  dorsal  surface  above  the 


intestine.  Some  spedmena  show  a  mixture  of  brown  and  black.  The  1 
far  distant  from  the  lateral  mujrina  as  from  each  other.  They  are  perceptinie  only  in  tne 
lighter  pagmented  spedmeiu.  Toe  ventral  epidermal  poudi  occurs  somewhat  posterior  to 
tbe  eyea.  The  conunon  opening  for  mouth.  ^Hotonephndial  ducts,  and  genital  pore  is  located 
about  the  middle  of  the  ventral  surface.  Both  sununer  and  winter  egga  are  pioduced.  The 
Utaaa  produc*  tlie  vivipanus  young.    Ann  Arbor,  MkL 


Pn.  614.  BaAnm  inilttu  ftrunalum.  (.1 )  entin  uumal.  X  5.  (After  Schmidt.)  (£)  Dtagramof 
Rxual  atgau:  k,  buna  aqxilatrii;  di(,  duOui  ipenoatkiui  fm,  opaung  of  dmui  ri.  rcceiilacuhini 
■BBiDk;  /t.genllal  poie;  if .  duct  of  yolk  tiand;  ^,pliaiyDii  no,  opening  of  [ciKaKiibtidium.  Uuch 
stkignL    (After  Luther.) 
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73  (7*)    Without  a  ventral  epidermal  poudi  and  ductus  spennatJcus. 

Mesosloma. 
Only  one  species  known  in  America. 

Mesosloma  ekrenbergii  (Foclce)  1836. 

TluB  ipedes  attains  &  lenj^  of  11  to  is  mm.  m  Europe.  Grestett  lensth  recocded  foi  Amer- 
iaui  apedmeni  is  6  mm.  Very  tisnspaient.  Color  pale  yellowuli  to  browmsh.  Inlatine 
yellowuh-bniwa.  Thin,  flat,  and  Itaf-like  b  outline.  Antojor  end  tapeiiiw,  ootucal.  Poste- 
rior end  tapering  sharply  and  tenninatios  in  an  acute  caudal  piocas.  Qmipicuous  tncta  of 
rh^Kliles  loul  to  the  anterior  md.  Eyes  black.  Two  shallow  pits  occur  on  tke  dorsal  surface 
of  the  anterior  end,  one  oa  cither  ude.     Both  summer  and  winter  eggi  are  produced  but 

irely  at  the  same  time.    The  summer  eggs  develop  and  the  young  embryos  may  be  st~~ 

u\,!„  Ilu.  hni<u  ^ih.  ~_t       ITmni  mini><«  Rivrr'   Ijikr  .'it    rUIr    Mirh.'  Dhin'  uiH  E 


(A)  DlacruD  fran  ventral  lide  ihcminf  nervous,  tfgeitlve.  and 
.  .^..  ...«.  «.o»i  tumpwT  egsi,  Ibe  ri^bt,  wiatci  ens;  he,  buna  copolatrix;  4a, 
Lotinc:  tfd|,  posterior  branch  of  intsune^  ftf,  genital  pore;  A,  avsjv;  *f,cUTUs; 
.,,...  .  ,  .  ipLaculum  lemlDiii  u,  totes;  ■>,  ulcnu:  vd,  vai  ddenu;  ri,  yolk  itaod;  n, 
vcscula  KauDalu;  vfc,  female  ffeniul  canal;  u,  BUbes^hi^feal  comnutfure  o(  veotral  ufnta;  i£la, 
donal  longitudinal  nerve;  dn,  donal  d^vd  of  braiu;  i.  brain;  ^n,  ventral  longitudinal  nerve;  Kr,  phaiyn- 
geal  nerve  rinc  u,  duct  ol  utenu;  vn.  ventral  bove  of  bninl  tid,  duct  of  yoli  ^and:  m,  uid  hh,  the 
two  pairs  of  anterior  nervs  ol  bnlo:  x.  chiuma  ol  anterior  nerves  X  6.  lAher  voa  Ciaa,  Vo|l. 
Fuhrinann,  and  Luther.)    IB)  Fran  hie,  showing  young  wonnt  in  left  uterus.    X  a-    (After  Woodwonh.) 


74  (31)  With  a  genuine  proboscis  which  lies  within  a  sheath  and  oommuni' 
catea  with  the  exterior  through  an  opening  at  the  anterior 
end.    Pharynx  rosette-shaped. 

Subsection  Calypiorhynchia  .  .     75 

A  small  ^roup  eanly  recognized  by  the  genmne  praboicis.  A  bursa  copulatin  i*  pnaent. 
The  drruB  is  divided  into  vesicuU  semiDtlis  and  veaicula  gnnuJonun.  The  rosette-ihaped 
pharynx  lies  on  the  ventral  surface. 
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75  {J6)    With  a.  single  sexual  pore Family  Folycxsiididae. 

Two  ovuitt,  two  yolk  gbuida  with  finget-like  lobes,  lad  two  compact  tesUc  Bum  oopu- 
latiix  snail  umI  witbout  s  sep&rate  eitemil  opaaog. 

Single  genus  thus  far  found  in  America PolycyOis. 

Only  one  species  known  in  America. .  PolycysHsroosettiHvimGTaSigii. 


nMUa.   A  sutxnUiuous  brown  pjsnnit  between  tl , 

Doce  or  km  atriaCed  appeusnce.  Tlw  eitremdy  BedUe  probctdt  lio 
u  ihe&tli  jiut  in  troat  of  tlic  tnin  kt  tbe  anterin  end.  The  mouth 
and  pharynx  lie  la  tlie  beginning  erf  the  second  tlilrd  of  the  body  and  the  genital 
pore  lid  between  the  KCODd  and  last  third  d  the  body,  Pootcrior  end  very 
bluntly  rounded,  anterior  end  iMiiewhat  narrower.  Cloaely  rcaemblea  the 
Euiopeaa  qiecies  P.  gatUi  Bteulau  eicept  in  the  itmctuR  at  the  chitinoua 
portion  of  male  copulatory  organ. 
Fu.  6]6.  PilycyiHi  rati— Hi.  Odtlaou*  dmu  tube  with  bulb  W,  doctm  KOitaali 
(^),*ndtbedlKl*kidin|fnim  the  mnulutfuidi  (U).    X  40<»    (Alter  voa  CiiS.} 

76  (75)    W\ih  two  sexual  pores,  the  male  posterior  to  the  femsle. 

Family  Gykatxicidae. 
One  w  two  ovaries,  with  yolk  gland*  and  one  compact  teitea  which  liea  oo  the  left  side. 

Only  one  genus  known GyriOrix. 

Single  species  known  in  America. 

Gyralrix  hamapkroditus  Ehrenberg  1831. 

Lolgtb  9  mm.    WUte  in  ndected  light.    Eyes  black.     Witbout  rhabdoids  or  lugment. 

Caa£[eof  contracting  into  a  ball,  oieitcndin<  to  ahnost  dcnble  its  length  as  low  as  *' 


One  iubq)«ics  Gytalrix  kermapkradittu  kamapkra 
hook  on  the  end.    Tht  egg  capsule  is  gradually  reducec 
Rhabdoida  occur  in  the  tominal  coneol  theproboads. 


k  and  Is  much  elongated. 


Fn.  «>T.   GyrmliKJmmaHnUlia.    M)  VmtnJ  vie,  ..  . ,,. , , 

el;  k,  bum  copulUrii;  eh.  chitinoui  lube;  ctil,  italk  ol  (bilinoui  tube;  dit.  (±Itlnou>  ICfletlo  kuUw 
mm  maicula  (ruuikmim;  K.  tft  caisulc  In  ulenni  et,  owy;  ti.  gniiuUi  Moeloey  (hnds:  ie,  Bncntu 
eCMaiuol  kkuieyj  pk,  phuyu;  rim,  attachioeaL  of  the  long  proDoadB  letrmctflC  mmdei;  te,  end  CQOe 
of  pfDoncfa:  rm,  BHBCuUr  poftion  gf  pmboKn;  fa,  eitcnwT  opeoing  of  pnbotcit  theuh;  (i,  tata; 
i<, TB delaeni;  if, vtiicuU (ranukinin:  ff.yDUeUads;  u, vesioiUieniiuliii  cf  1  nukaikd  ?,lenu)e 
Id.  (Altci  TOO  Grafl.)  (S)  Staett(>4lieatb  with  itniibl  tube,  d,  opening  of  UOeKo 
11  ilUetto  of  dtnis.  Much  enlarfciL  (After  IMki.)  (C)  l^ratrfa  tnufkndifu 
h  with  curnd  poiiit.    Much  enluied.    (After  von  CnBJ 
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77  (2)     PharyDX  either  variable  or  cyUadrical  and  lying  within  a  pharyngeal 
pocket.    Connective  tissue  well  developed. 

Suborder  AllowKoeU. 
The  iiiteMine  h  an  tmgulu'  aac  [iKHt}y  with  ndc  bba  and  an  anterior  and  posterior  branch- 
It  divida  to  fonn  ■  ring  ia  the  mediui  ventral  regioo,  thus  endoaiug  the  alcnder  csrlindrical 
pharynx  which  i>  limilar  in  position  and  appearance  to  that  ot  the  ^l»narian». 
No  Iroh-water  TeprcMntative  d(  this  Suborder  bta  been  deGnitdy  atabUahed  lor  thii 
ly.    It  in  mi  clear  that  lome  muit  edaL in  tlui  region  and  be  found  on  further  study  of 


78  (i)    Intestine  con^ts  of  three  main  branches,  one  an  anterior  branch 

median  in  position,  and  two  running  to  the  posterior  end  of 
the  body,  one  on  either  side  of  the  pharyngeal  region. 

Order  TricUdida  .   .     79 
Mostly  larger  than  in  the  preceding  wder.    Phoiyni  usually  median  ventral  in  positioti,  elon- 
lated.  cylindrical,  and  lying  within  a  laryngeal  pocket  with  the  free  cod  diieded  postcnorly. 
Compare  figures  of  a  tyincal  Tridad  (Wit-  590}  and  Rhabdocod  given  on  page  333. 

79  (104)    Poiud  in  fre^-water  ponds  or  streams.    .   .     Suborder  Palndlcola. 

Only  one  family Flanakiidae  .    .     80 

Body  >lnng«t»ir<,  flattoxd,  often  with  conspicuous  cephalic  appendages.     Inconspicuously 

80  (103)     Pharynx  one. 81 

81  (83)    With  an  adhesive  disk  on  anterior  end Dendrocoetwm. 

Only  one  species  known  in  this  country. 

Dendrocoelum  lacUum  Oersted  1844. 

GreateU  kn^  ii  mm.,  breadth  1  to  j  mm. 
Color  milk-white,  creamy,  yellowish,  oi  in 
larger  older  spedmens  lomeUmes  roeeate.  No 
pigment  except  in  e^t  spots.  Very  translu- 
cent. Intestine  colored  by  contained  food.  A 
slight  conatricticD  just  behind  the  plane  of  the 
eyes  sets  off  the  head  and  produces  ue  rounded, 
cephalic  appmdages.  Posterior  end  Tounded. 
Lateral  marpns  nearly  parallel  when  at  rest 
or  contracted.  Median  adhesive  disk  extreme^ 
variable.  Usually  about  oae-thini  of  tlie  bioad- 
esl  diameter  of  the  head.  Inconspicuous  in 
small  specimens.  It  is  not  a  true  sucker  but 
ciHuusti  of  a  depression  into  which  the  glands 
open  and  wilh  the  margin  somewhat  raised. 
Two  eyes  normally  but  from  one  to  sii  accessory 
„^.„  eyes  are  common.  Mass.,  Mich.,  Penn.,  Wis. 
What  is  probably  a  vaiiety  of  this  species  is 
described  as  b  non-pigmented  eyeless  DtmJrt- 
ciwlHW  collected  from  Mammoth  Cave  and  ad- 
joining caves  in  Kentucky. 

FiafiiB.  DmincothmhcliKm.  (d)  Fromtife.  X4. 

(9)  Sex  orgau,  dorsal  view:  tri.  axmlalnry  buna; 

if  (t.  ductal  eiaculatoriui;  il  it, ibellgliiK];  tlfnl, 

pnatate  ^tad;  la  ft,  genital  pon;  ttit,  oviducti 

.  „  giM.™'i4.' (Alter  WoodtectS.)    *""■•«•'*■ 

83  (81)    Wthout  an  adhesive  disk  on  anterior  end 83 
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83  (loa)    Nonnal  eyes  two  or  none Planaria  .   .    84 

84  (loi)    With  two  Qonnal  eyes  (sometimes  with  one  or  more  irr^ulaily 

placed  accessoiy  eyes) 85 

85  (94)     Anterior  end  more  or  less  pointed  with  angular  cephalic  append- 

ages.     86 

86  (91)    Anterior  end  bluntly  pointed,  angle  formed  by  lateral  margins  of 

head  not  less  than  60°.  Cephalic  appendages  blunt.  Body 
about  as  wide  juat  back  of  appendages  as  immediately  ia 
front  of  them 87 


u 


i  formed  by  lateral  margins  of  head  much  greater  than  60°. 
Cephalic  apptendagea  very  inconspicuous,  almost  entinly 
wanting  in  young  specimens. 

Planaria  foremanii  (Giiaid)  1853. 


Length  o(m 


artUik 


gray  to  alate-black,  with  ai  „   . 

on  <ach  cephalic  Kppeiulage.     Eyes  gray  with  a  cres- 
cent d  black  u^moit  an  the  mediiD  aide.    Body 
comparatively  thick.  Ovaries  two,  ventral,  somewhat 
lobed  and  situated  about  halfway  from  anterior  end 
to  pbaiynx.    Totes  four  or  &ve  on  each  side,  un- 
paired, doiaal  and  irre^larly  distributed  from  region 
of  ovaries  to  posterior  end  of  pharynx.    Does  not 
multiply    by    fission.     Found    in    small  ttreams  in 
Mau.,  Penn.,  Md.,  Va..  and  near  Washington,  D.  C. 
Thejipedes  described  by  Curtis  (1900)  under  the 
ifiMcuiinui  and  later  by  Stevens  un- 
e  clearly  must  be  regarded  as  syn- 
spedes  established  by  Girard  in 
une  F.  foremaiaiii.      This  spedes 
P.  tutubrij  in  varioui 
papers  deahng  with  the  physiology  of  pUnaiians. 

Fu.  610.  FIcKoria  fcrimcnil.  (A)  Outline  sketch  of  Urn  matun  ipedmeo:  it.  imital  pole;  f*, 
ptaiyta:  1.  KDuty  area  oo  ceptaihc  ippendicts.  X4.  (Alter  Stevens.)  (B)  Seiuil  orgua.  Icogltii- 
diuJ  •ectiOB,  doiui  view:  c,  drniii  i.  oviductl  fk.  pharynx;  ».  seminal  voides  (.  Iota;  Hi.  uurusi 

■.ovuy;  W.  yolk  (laDds;  W.  VIS  deferens.    X  10.    (Altec  Curtis.) 


der  the  same 
onymous  with 
1855  under  tl 
also  appears  under  th< 


8  (87}  Angle  formed  by  lateral  margins  of  head  about  60°.  Cephalic  ap- 
pendages distinct.  Anterior  margin  of  cephalic  appendages 
of  about  same  length  as  posterior  margin 89 
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89  (go)  Cokn  blackish  to  purplish  or  brownish  by  reflected  light,  blackish 
or  gray  t^  transmitted  li^t.  With  many  iiregular  spots 
entuely  free  from  pigment  .  PUataria  maculaia  Lady  1848. 
Length  15  mm.     Immature  tp«dnen*  tvenge  tbout  8  to 

II  mm.    In  null  Kcdmeni  the  ragment  occnn  in  iioktcd 

patdus  utd  apoU.    In  krgei  iiKaniaii  the  pignicnt  patdies 

in  ooofluent  diicdy  in  tbe  medun  region  laving  tne  dm 

imgulu  anw  which  givcaveiy  ipottcd  ■pponnce  to  the 

animal.    Smaller  apota  ol  deep  brown  or  bhdi  tcatteicd 

among  tbe  hlief  pMcbe*.    Frequently  with  a  light  median 

itreak.     Paeterioi  hall  of  cephalic  Bncndagei  with  noo- 

pigmcQted  apaU.    Veotnl  wrfkce  mndi  lifter  tbui  donaL 

almoit  entiray  free  from  pigment.    Rcproducei  fredy  by 

tx*atver*e  £moo  poaterior  to  pbanux.     SenuJIr  mature 

spedmeni  not  common  hi  mott  locautica.    Slugpin.    Much 


X  ihoat  ]].     (Afis  dultlt.) 


90  (89)     Color  daric  leddish-brown  to  grayish-brown.    Unifonnly  pigmented. 
Flanaria  gonocepkala  Dugds  1830. 


GreatcM  length  15  mat. 
Utually  not  over  15  mm. 
Girard  deicriba  the  color 
of  thii  ipedes  u  oftoi  of 
-.    bladush-brown.      Poa- 


terior rnanpns  of  aulicuhtf  appendMet  fn 
pismrnt.   Much  lighter  on  ventral  than  01 
licle.    Eyea  in  a  pUne  Jdnhig  the  apini  «f  the 
auricles.      Clear  areai  aiound  cvca  aometr~  ~ 
pted  in  an  antcro-poaterioT  ilirecdon. 
niaUy  common.    Mich.,  lU. 


pioAictk 


r  (Afia  WoodwDRh. 


KtfUa.   MIFnn 
I]  ScxiwJ  ofnn,  li 


""^ — "*' '     '"^     — III!  of^n,  kmcitudiiBl 

_. .  o4.  ovidiKt;  d*.  ductus 

K  rar,  papilla;  id.nt  Mema;  Uinnltal 
voicula  KiDtDaBi:  h,  moulb;  uld,  duct  of 


91  (86)  Anterior  end  rather  sharply  pointed.  Angle  formed  by  lateral  mar- 
gins of  head  not  more  than  60°.  Cephalic  appendages  long, 
slender,  sharply  pointed,  with  anterior  margin  shorter  than 
pMterior  margin.  Body  distinctly  narrower  back  of  ceph- 
^ic  appendages  than  just  in  front gs 
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93  (93)  Angle  of  head  50°  to  60°.  Qilor  a  very  dark  septa-brown  almost 
black  by  reflected  li^t.  .  .  Planaria  aptis  Stringer  1909. 
Length  of  immature  womu  usu&Uy  not  over  18  mm.  Mature  apedmem  collected  have  meas- 
nicd  30  mm.  WeQ  led  apedmens  in  u|iwria  bave  attaioed  a  length  of  SS  mm.  Color  usually 
very  nniform.  Ventral  surface  but  IJttk  tighter  than  domL  One  variety  found  only  in  one 
locaHly  and  with  uoiformly  colored  vedmeni,  ibowi  iharply  defined  non-pigmented  spots. 
Under  lena  a  dear  li^t-bnnni  ground  with  fine  dark  brown,  ahmet  bUdi  pigment  granules, 
dther  quite  uniformly  distributed  or  arranged  90  as  to  give  the  appearance  of  a  very  dose  net 
w(xfc.  Groun-ocular  spaces  dtliet  oval  or  slightly  pointed  at  outer  anterior  rwion  and  placed 
just  in  troDt  of  or  in  line  with  the  anterior  margins  of  cephalic  appendages.  Some  with  light 
areas  on  posteiior  margins  of  cephalic  ^ipendagei,  othen  with  auricles  unifonnly  pigmented. 
A  li^t  median  streak  sometimes  present.    Lateral  margin  oS  htad  with  a  distinct  iDward  curve 


just  back  of  tip.  also  at  jimctioa  of  head  with  cephalic 
appendagea.  Wider  just  in  front  of  appendages  than 
at  any  pwnt  posterior  to  them  except  in  large  specimens 
which  are  of  about  same  width  through  pharyngeal  region. 
Mature  ipedmens  mudi    broader  prDportionHily   than 

' ' —     Asexual  reproduction  the  usual  method  of 

n  in  moat  localities.    Very  restlois  bj 


II  ponds  and  spnng-fed  brooks  dther 
among  aigae  or  on  sandy  bottom  and  often  where  water 
flows  swiftly.    Neb.,  Mo.,  S.  Dak.,  Wis.,  and  Cal. 

Fio.6j2.  Planaria  niilii.  (H)  ImiutunipediiKnlnimlife. 
XR.  (B)  Seiuil  oiftns,  d«ml  view:  ii.utenii;  W,  ulenutabei 
D,  ovtdiict;  If .  nnilil  pon;  u.  atrium;  id,  Kmiul  voicle;  bI, 
vu  defoeiu;  ft,  eimu  lumen;  to,  linut  «  allium.  Much  en- 
Urged.    (After  Stiingei.) 

93  (93)    Angle  of  head  about  45°.    Color  reddish  to  yellowish-brown. 

Plauaria  doroUKepkaia  Woodworth  1897. 
Laigth  at  immatore  apedmens  13  mat.  Head  about  one-sixth  o(  total  length  ol  body.  Uni- 
fonnly colored.  Posterior  ""'g'"  of  auricular  appendages  free  from  pigment.  Sometimes  a 
nanow  li^t  median  Kreak.  Pigment  m  spots  or  patches,  not  a  network  or  evenly  distributed 
as  in  i*.  agilu;  vestral  aide  much  U^ter  than  dorsal.  Eyea  just  anterior  to  plane  joining 
ButidM.  bltectiiie  uaually  with  accessoiy  posterior  intestinal  trunks  which  arise  dthei  at  the 
root  td  the  pharynx  like  the  tiro  normal  posterior  tnutks  or  exist  at  parallel  branches  of  the 
latter.  Those  td  a  side  usually  unite  with  e&ch  other  near  thdr  posterior  terminations.  Very 
tcUvc  and  rcstlcM.    Seaual  organs  have  not  been  described.    IlL,  Mich. 


94  (85)    Anterior  end  clearly  not  pointed 95 

95  (100)  Anterior  end  truncated 96 

96  (99)    Margin  of  anterior  end  with  a  median  anterior  and  two  lateral 

rounded  projections  giving  a  sinuous  outline. 97 
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97  (98)     Color  gray Planaria  vdata  Stringer  1909. 

LaifUi  of  matun  spedmeu  15  mm.    Color  of  donal  aide  to  unaidrd  m  vmria  from  almost 

white  to  ft  very  dark  gny  almost  h]mA.    Under  lena.  a  cohrleu  gnnmdwork  with  black  pif- 

ent  gnnulei  extremely  variable  in  number.    Much  lighter  In  fnnt  of  eyei  and  over  cephalic 

ipenSages.    '"'- '  -  -"-—   •- —■' ' ■ '--     " " 


appendages.  Lighter  on  ventral  surface,  over  pharynx,  and  neai  lateral  margios.  Preserved 
material  oiteu  appears  colorleu  and  oval  in  shape,  Encystment  of  the  entire  animal  or  divi- 
■ion  into  a  variable  number  of  pieces  fnllowed  by  encystment  of  [be  [neces  occurs  in  reqxMue 
to  unfavorable  conditions.  The  cysts  resemble  egg  cocoons  in  ^ip^rance  and  are  provided 
with  a  iheU.    Cilia  am^cuoui.    Crete  and  OmaEo,  Ndj. 


3 


Length  of  the  one  specimen  (preserved)  from  which  the  description  was  made  3.8  mm., 
i)Radui  i.S  nun.  Probably  8  to  10  mm.  long  when  alive  and  extended.  Purple  dots  occur 
In  masses.  Red  color  absent  over  an  elongated  posterior  median  aiea  extending  nearly  to  Ibe 
posterior  axis  of  the  animal.  Appearance  of  posterior  end  suggests  an 
injuiy  ortrsnsversedivisioo.  QMorof  alcoholic  material  a  deep  nuty 
red.  Found  creeping  on  the  mantle  of  Unio  alatut  in  Ulioois  River. 
Fia.6i].    PJauMfH  «wHub  fnxn  life.   About  X}.    (Alia  Woodwofth.) 

99  (96)    Margin  of  anterior  end  uniformly  curved,  not  sinuous.    Color  white. 
Planaria  truncata  Leidy  1851. 

■  t  food.    Two  c;  .         .  ._„_ ,       _ 

gated  and  central  in  position  in  sexually  mature  spedmeni.     Inlestine  with  httle  oi 

tomosis  of  branches.  Ovaries  two,  sometimes 
lotted.  Testes  nuuiy.  Uterus  large  with  stalk 
running  to  left  aide,  dorsal  to  vasa  deferentia  and 
oviducts  and  entering  atrium  laterally.  Asexual 
reproduction  by  gssion.  Small  stream  Biyn  Mam 
jh  campus;  rivulet  at  Newark.  Delaware. 
^  A  comparison  of   descriptions  of  P.  imncaU 

X/       Leidy  antl  P.  tivrsani  Stevens  and  Boring  leaves 
but    little  doubt   thai   Ihey  are   identical.     The 
!S       blackish-white  color  mentioned  by  Leidy  evidently 
f  was  due  to  food  contained  in  the  digrative  timet 

and  not  to  body  pigment  since  the  margin  is  de- 
scribed as  translucent. 


Fia.6j6.  Pla*ar 
DocwdnewofHii 
genital  pon^  «'.  o 


100  (95)    Anterior  end  rounded  in  preserved  condition  (living  condition  not 
known) Planaria  simplex  WoodvorthiS^. 

Length  4  mm.,  greatest  diameter  i.g  mm.  Color  of  alcoholic  specimen  odier-yellow.  Pig- 
ment focated  in  spots  of  neariy  uniform  size,  distributed  uniformly  over  all  parts  of  the  body; 
no  dear  areas  surrounding  eyes  or  at  aides  of  head.  General  shape  ovale.  Broadest  at  one- 
fifth  the  total  length  from  the  anterior  end,  tapering  from  here  to  rounded  posterior  extremity. 
Anterior  end  rounded,  set  off  from  the  rest  of  the  body  by  slight  lateral  indentions  at  the  level  of 
|be  eyes.    No  evidence  of  cephalic  appendages.    Mouth  ooe-thitd  <A  total  length  from  postenor 
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okL  ^re  spots  doogUed,  eteacentic,  lacing  outmrd  and  fonrard  it  an  uiglc  o(  4c°  to  the 
chief  axis  □(  the  worm.  Inleatine  of  the  simple  triciad 
type;  no  fusioa  or  •JiBstomo»e»of  posterior  sterna. 

This  descriptioQ  is  from  a  dngle  munature  alcoholic 
■pedmen.    (It  is  quite  pooible  lliat  the  aniareiit  locii 
<A  cephalic  appcDdues  is  due  to  the  effect  ol  the  killing 
fluid.)    Collected  ofl  N.  ¥.  Pdnt,  Lake  Mich. 
Flo.  637.    PUnaria  limpttx^    From  arttavtd  wt*"'** 
X  10.    (AJtei  Woodwortb.) 

101(84)     Without  eyes Planariafultginosus  Ijddy  1S51. 

Length  about  s  m"-,  breadth  4  mm.    Body^  oval,  dilated;  infcriotly  flat,  superiorly  mod- 


eiate^  convex,  iuli^inouB,    Eyes  none;   to  tbeir  oidinaiy  positioa  a  ■lightb'  gieatet  41 
mutation  of  black,  pigmeat  upon  the  upper  surface.     Mouth  a  little  poalerior  to  the  cenua- 
Esophagus  simple.    Kancocas  Cieek  near  Pembettoo,  New  Jersey. 

I03  (S3)  Normal  eyes  many,  arranged  so  as  to  suggest  a  coronet  near 
the  margia  of  truncated  head  and  extending  hack  near 
the  lateral  margins  to  a  somewhat  variahle  distance. 

Polyc^is. 
Only  one  species  known  in  this  country. 

Polycelis  coronaia  {Qiiard)  1891. 

Length  8  mm.,  breadth  1  mm,    Cok>r  fuliginous  or  sooty,  uniform,  somewhat  daikei  on  the 

incdian  dorsal  regloa  than  on  margins.     Eiongalcd  lanceolate.     Anterior  margin  truncated, 

weakly  bilobed  oc  imdulatiDg.    The  numerous  eyes  are  arranged  as  a  coronet  or  as  an  arc  of 

'^^'^'aS^  W'-i^-sgHr^t)      on  *i*e.    Pharynx  etougated,  central.    Collected  near  Fort 
>&f^,iiSmiMt*a'tmHim:l       Srid^,  Wyoming.     It  13  quite  possible,  as  Hallei  notes,  that 
this  IS  a  synonym  of  the  European  Paiycetis  nipa. 
Flo.  M-    Pttycdii  ctrtnM.    From  life.    X  ;,    (AftnGirard.) 

103  (80)    Pharynges  nimierous Phagocala, 

Only  one  species  known  in  this  country. 

Phagocata  gracilis  (Haldeman)  1840. 
yThis  spedes  was  found  sad  recorded  by  Haldeman;  it  was  first  adectualely  described  by 
Leidy  to  whom  it  is  onUnarily  attributed, 

Laigest  spedmens  3s  nun,  Img.  4,5  mm,  wide.  Color  shiny  black  by  reflected  light,  green- 
[sh-gray  by  transmitted  light.  Varies  from  block  to  a  reddish-brown  on  one  hand  or  to  a  light 
nay  on  the  other.  Stnall  specimens  at  times  almost  milky-white.  Ventral  side  lighter  tlun 
dorsal.  Lateral  margins  nearly  parallel.  Widest  through  pharyngeal  region.  Anteriorly 
sides  ciHiverge  slightly  up  to  about  the  region  of  eyes  where  the  diameter  increases  to  form  the 
bead  with  its  rounded  cephalic  appendages.  Posteriorly  aides  converge  to  a  point.  Eyes 
two  with  eiongaled  drcumK>cular  areas.  The  numerous  [^laryngeal  tubes  lie  in  a  common 
chamber  and  ooen  separately  into  the  intestinal  tract.  When  extruded  they  reach  the  exterior 
thrangh  a  tingle  orifice    Fools  and  rivulets,  Mass.,  Penn.,  Ohio,  Wis. 


phuynCM  and  tbdr  ntation  to  the  islHtlDil  tncl. 

104  (79)     Found  in  moist  places  on  land.     .    .  Suborder  Terrlcola  .    .       105 

The  ao-cailed  land  planarians  are  forms  which  in  a  biological  sense  stand  very  near  the 
water-living  (pedes.  They  occur  only  in  very  moist  localities  and  under  circumstances  may 
be  taken  for  fresh-water  forms.     In  general  appearance  they  resemble  minute,  delicate  slugs. 


ratber  than  of  a  moUusk.    Tbe  few  i 
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ue  likely  to  be  tnnqMcted  in  tiofMcil  or  subtropical  vegetatioa  and  to  nuke  tlteic  utpcannce 
nidden^  and  in  ccoatdenble  numben  in  greeofiooM*  oc  in  moist  shady  nooki  that  have  bees 
ptented  with  exotic  ipedei.  Of  one  foim  indeed  the  proper  habitat  to  OM  kmnni.  Waltoo 
hai  wofked  out  •  key  and  lynopti*  of  the  lew  •pede*  teported  f  rcan  Noith  America  and  ad- 
jacent iaiaada.    In  modifial  lonn  thii  to  lollowcd  here.    Ahnoat  no  recoidt  of  the  occurrenoe 


of  thoe  fonni  on  thto  oootinent  have  been  pul>fidied,  and  their  numben  as  well  as  tbdi  range 
an  sun  to  be  oonsidenbly  extended  wiken  attention  to  directed  to  tbem. 

105(110)    EyeseitherabsentotQumerous;  leiigthmorethaii40inm.  .  .     106 

106  (109)    Head  anteriorly  not  broader  than  remainder  of  body. 

Family  Geoplanidab  .   .     107 

107  (loS)    Fosteiior  part  of  head  vdth  eyes  in  two  rows;  sides  margined  with 

orange Geoplatia  nipofutca  (Darwin)  1844. 

Length  50  mm.    Found  in  Mexicoi  reputed  also  from  South  America. 

108  (107)    Posterior  part  of  head  with  eyes  in  one  row;  sides  inai^ned  with 

light  brown GMplana  slotti  (von  Giafi)  1899. 

Length  60  t""     Thus  (ar  known  mly  fnxn  a  single  specimen  collected  in  Guatemala. 

109  (106)     Head  anterioriy  broader  than  the  body.   .    .    .  Family  BlPAUDAE. 

Only  one  spedea Placocephalut  kewtnse  (Moseley)  1878. 

Color  dorsally  yeUow  or  greeni^ -yellow 
with  five  daik  violet  longitudinal  lines. 
Length   80  to   ico  mm.    An  inlioduced 

__  ,        _,       .,  ,     __  . ._    -7       neoes  lound  in  hot  houses.    Its  original 

Flo.640.    PI«y^>»Ktm^    Ani^natDi.       h^^ito miknown. 
X  1-    (Alto  voD  Gran.  > 

110(105)    Ey^  two  in  number;   ventral  suckeis  absent;   length  less  than 

3omni Ill 

Rarely  the  eyes  are  apparently  absent  but  even  here  tbey  may  be  dcmoiutrtted  in  scctitms. 
Ventral  suckers  do  occur  in  the  related  family  Cotyplanidae .    Known  from  Africa  and  New 

III  (114)    Eyes  smaO,  mafgjnal  sense  organs  present. 

Family  Rhymchodehidae  .    .     113 
113  (113)    Color  dorsally  light  brown  with  two  darker  longitudinal  stripes 
and  tiaiisverse  area  at  posterior  two-thirds  of  body. 

Rhynchodemui  syhaticus  (Lcidy)  1851. 
Length  oot  over  lo  mm.    Common  in  places  de- 
scribed by  Lady  (1851)  in  Pennsylvanto  and  redi»- 
covered  in  Ohio  by  Walton  (1004)-    Frequents  under 
side  of  slightly  decayed  boards,  sticks  etc,  in  com- 
'  panywithinuls,  (he  young 

forma  of  whidi  It  cloaely  re- 
sembles. Range,  Eaatem 
United  States. 

Fio.  641.  Rlmcludemiii  i^HlteKi.  Ijl)  Dofu]  view  of  individiul  [ram  PbiUddphk.  Fa.  X  ].  (S) 
Indiviiiual  irom  Newport,  R.  I.,  ihowinc  anaDgaaeat  of  ooplugiis  and  niuctiue  of  intathie.  X  abint 
].    (After  CiiaidJ 

113  (113)     Color  doisally  unifonoly  dark  blue. 

Rhynchodemia  alrocyaneus  Walton  191J. 
Length  10  mm.    Only  two  ■pedmeni  of  IhU  form  have  been  reported.    Found  at  Gambler. 
Ohio,  under  decayed  boards. 

114  (ill)    Eyes  wdl  developed;  marginal  sense  organs  absent. 

Amblyidana  cockerdli  von  Graff  1899. 
Odor  donalhr  bhush-Mack  withUgfat  yellow  median  nripc  loogitudmally  and  yellow  "ne^. 
band."    LengUi  it  mm.    Represented  raily  by  two  known  spcdmens  found  in  Jamaica, 
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The  following  is  a  list  of  those  forms  which  are  not  sufficiently  well  known 
to  be  given  their  proper  place  in  the  k^. 
Order  Rhabdocoellda 
Section  I  Hysterofhoka 
Family  Catenolidae 

Microslomum  pkUaddphkum  Leidy  1851 
MicrostomMm  variabiU  Leidy  1851 
Section  II  Lbctihophora 
Subsection  Lipobhyncoia 
Family  Tvphloplanidae 

TVphloplanid  from  Canandaigua  Lake,  N.  Y.,  von  Graff  igii 
Typhloplanid  from  Irondequoit,  N.  Y.,  von  GraB  1911 
Mesostoma  paUersoni  SiUimkn  1885 
Family  Dalyeludae 

Daiyeiiia  bUineata  (Woodworth)  1896 
Daiyeilia  marginatum  (Leidy)  1847 
Dtrosloma  eltmgalum  Schmarda  1859 
Subsection  Calyptorhynchia 

Rhynchoprobolus  papiilosus  Schmarda  1859 
The  following  Rhabdocxiels  are  of  very  doubtful  position  and  relationships 
Voriex  (?)  cavkolms  Packard  1883 
Plagiostoma  (?)  planum  SillJman  1885 
Acmostomum  crentdaium  Schmarda  1859 
Older  TricUdida 

Dendrocodum  sp.  Pearl  1903 
A  brief  description  of  these  doubtful  species  wiU  serve  to  promote  their  re- 
discovery and  further  study.    Each  description  is  taken  from  the  original 
account  of  the  species  which  is  also  the  only  record  of  it  yet  published. 

Microstomum  phiia4dp/tkum  Leidy  1851. 

Body  liocu',  slichtly  attoiiuted  potterioily;  head  cono[<UI  wllh  the  spei  sunnouDtcd  by 
*  snaU  oval  ptfMlui;  tail  obtusely  rounded.  Respiratory  fovea  ■ubbeoiispherkal,  placed  at 
the  base  of  the  cone  o(  the  head.     Mouth  ova],  projectile;    eaofAaKua  keg-ahaped,  intestine 


UBCTOwed,  cyliodraid.  dilated  at  the  commeDcemeiit,  Coloileu,  (raoBlucmt.  tiliated,  in- 
cnaiing  by  tnnxvene  Ksmentation,  always  observed  in  the  process  of  lorming  two  segments. 
Length  o.g  mm.    Found  In  water  of  marahes  and  ditches  near  PhUaddphia. 


Microstomum  variable  Leidy  1 

Colori™ 


y  and  posteriorly  obtusely  r 

„ J    , sline  veiy  broad.     Colorless,  inert — -^  -^    -.  — „._ 

from  0.3  to  I  nun.    No  nematocysts  or  rhutdites.    Found  with  Uicnulmium  pkiladdfkicum. 


Also  ■  chain  of  4  individuals  was  collected  in  algae  culture  from  shore,  Charlevoix,  Mich.,  Inr 
Dr.  U.  B.  Wud. 

Typhloplanid  from  Lake  Canand^gua,  N.  Y.,  von  Graff  1911. 

Length  I  mm.  Anterior  ettd  set  off  from  the  rest  of  the  body  by  depressions  at  the  sides,  pcob- 
aUy  aensoty  ^ts.  Broadest  through  middle  of  body  which  measures  about  one-fourth  the 
length.  Spmdie-ihaped  rhabdiles  in  glands  and  tracts  of  anterior  end.  Pigment  is  present  in 
the  fonn  ot  huge  reddish-brown  granules  which  mosdy  lie  lengthwise  of  the  body,  sometimes 
brandied,  and  enhuged  at  posterior  end.  The  pignunt  forms  a  reticulation  between  and  posses 
over  the  irregularly  shaped  eyes.  Eyes  twice  as  far  apart  ai  they  are  distant  from  the  margin  of 
the  body.  Pigment  of  eyes  the  same  as  that  of  the  body,  only  much  dosei  compacted  so  that 
they  are  dener  in  color. 

Tbe  mouth  lies  in  tb«  anterior  third  of  the  body.    In  the  imcompreaed  animal  the  phatrnz 
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ibowi  u  a  typical  roaette-shaped  idiaryni.  ThJ3  form  I) 
unmua]  in  tb^t  the  roaettr-flhjips]  pharynx  dofs  not  J«ad 
into  the  intatLne  from  its  ventral  side,  but  opens  into  it* 
anterior  end  jo  that  wbea  compresMd  its  aiii  beconea 
(Erected  forward.  Inlcaioe  ydbwtsh  and  extending 
almost  to  Ibe  posterior  end,  and  having  the  general  shape 
of  the  body. 


Sligbtlyax 


ic  donikl  pi«iiH  ,_  . 

.  anlerJDrbnDchsDf  pfotonepfaridEum;  f» 
l>,  rbat>dile  fhoili,    (Alter  von  Gnff.) 


Typhloplanid  from  Irontlequoit,  N.  Y.,  von  Graff  1911. 


.  ks  from  each  other.  The  mouth  lies  or  .  . 
bounduy  betoeen  the  first  and  second  thirds  of 
the  body.  The  anterior  end  shorn  many  tnctt 
of  rhabdites.    Collected  from  a  reedy  nramp. 

F10.643,  TyrihloplaidiifuKnlniDdequiiit,  N.Y.  Mi 
The  aninul  ■ligbtty  canproHd.  X  io.  (B]  Mule 
CDpulatoTy  o[K>ii,  X  ito.  au.  cyt;  be.  buru  copula- 
tru;  Jr,gLajjdceUi|  liJ,  ductus  luolaAlis;  /.fAtdropg; 
tir  ovary;   c*,  gouta]  pc        "  "  .        ■      .      . 


I  [habdita;  U,  talcs.    (Alter  von  Gi 


;r^.)  ' 


Mesostoma  paUersoni  Scliinarda  1885, 


Length  3  to  3.5  nun.,  o-G  mm.  broad  through  middle.  Color  in 
reflected  Ught  btowni^  except  anterior  to  the  eyes  which  appear* 
grayish  from  the  rtiabdites.  Intestine  yellowisb.  Body  fluid  with 
many  cells  which  contain  gixnula.  E)nes  directly  above  the  brain. 
Pha^ni  rosette-shaped,  not  far  frtm  middle  of  body. 


Fio.  «u.    Uatiuma 

■i,  ydk  gluid;  ut,  utei 
oua.    Kio.    (After  S 


tei;  tk,  phaiyax; 
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Dalydiia  hiUneata  (Woodworth)  1S96. 


363 


Length  0.96  mm.,  breadth  0.14-0.31  mm. 
Anterior  end  imncated,  posterior  aid  poinlfd. 
nuiyni  dolioliform,  in  anterior  third  of  body, 
tisversed  by  two  prominent,  laleiaJ,  ne&rlylOD- 
gitudmal  bands  ol  ti^ht  chocolate-brown,  and 
numenua  other  pale  indistinct  longitudinal 
lines.  Zoochlorellae  in  central  pan  of  the 
body,  posterior  fifth  free  from  them,  ttHns- 
•  '  ■    •m.    Egg  dark  chocolate,  iio  ^  x 

The  Ggiues  fiven  ben  ue  those  which 
..ere  in  poaaesaion  of  Woodworth  with  tbe 
material  when  the  description  was  written 


Dalyetlia  marginatum  (Lcidy)  1847. 

Blackish.  nArrow  lanceolate,  anteriorly  truncate;  margtnate  margin  delicately  itriate; 
mouth  luge;  pharyni  large  and  oblong;  ejfes  two,  anterior,  distant,  each  consisting  of  two 
round  manea  of  black  ingment  in  contact  with  each  other  and  of  which  one  is  larger  than  the 
-other;  generative  orifice  one-fourth  the  length  of  the  body  from  the  posterior  citremily. 
*       ''  A  ungle  specimen  found  in  dhches  near  Philadelphia,  Pa,    Digestive  cavity 


Uof  a  large  capiicious 


Derostoma  elongalum  Schmatda  t 


far  back  as  the  posterior  third  of  the  body  and 

having  a  cecum  upon  each  side  of  the  proboads.    The 

has  a  yellow  color  and  consists  of  a  round  granu- 


Tlie  body  is  long,  ribbon-shaped.  Battened. 

Posteriorly  unifoimly  tapering.  Color  red- 
dilh-gray.  Length  2  mm.  Without  eyes. 
Mouth  opening  elliptical.  Pharyiu  long,  cask- 
ihaped.  From  braclush  water  in  swamp,  New 
Orleans,  La. 


Rkynchoprobolus  papiilosus  Sdunarda  1859. 


.    MviKMrdabi 
9.    (Allsl  Sdiu 


Body  somewhat  compreised,  anteriorly 
rounded,  posteriorly  gradually  tapering.  Gilor 
dear  yellow.  Length  5  mm.  without  eyes. 
ProbtncU  short,  round,  eilematly  set  with 
amall  pai^llae.  Mouth  opening  central.  Phar- 
■bout  yiut  rosette-^ped.  From  brackish  water. 
Robol      "  ' 


,.  N.  J. 


VorUx  (?)  caricolens  Packard  1883. 

Found  in  X  rave,  one  d  the  Curler  caves,  Kentucky.  Body  flat,  ekmgaled,  omtow  lan- 
ceolate^oval,  contracting  in  width  much  more  than  is  usual  in  Vorltx  (Duyellia).  Pharynx 
li  tituated  much  butber  back  from  anterior  end  of  body  than  is  usual  in  Vertex,  being  placed 
a  little  in  front  of  the  middle  of  the  body;  it  Is  moderately  long,  being  oval  in  outline.  The 
body  behind  suddenly  contracts  just  befrm  the  somewhat  pointed  end.    Tbe  genital  outlet 
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Plagiosloma  (?)  planum  Silliman  1885. 


Lenctli  1.5  mm,  bicadtli  o.t  mm.  Mouth  OMiuDg  in  anterior 
end.  Pbuynx  lia  withiii  ■  sbeath  uid  bta  both  loiujtuduul 
tad  tnaavene  muscle  layers.  Rulial  muicle  Gben  pus  boat  the 
bue  of  the  pbuyni  to  the  body  wall.  Without  eyes  or  other 
sense  oisins.  The  poorly  developed  brmin  lia  in  front  of  the  ph«r- 
yni  u  k  tnasvene  band.  The  mtestbe  [a  capadous  ind  has  short 
lateral  diverticula.  This  species  probably  belongs  to  the  genus 
PrfrhyncJna. 

isDMn,     *i,  pturyoi;  J.  InWtioe.    X  tbool 


Aanostomum  crmiilatum  Schmaida  1859. 

Tlie  bo^  b  (ylindrical,  yellowish,  i  mm.  long.    Phaiyni  cyUadricsl,  protntctile  with  ibk 

A...  1.1. !^  uMfBa.    Otolith  lai:ge  mod  qiheriaU  amtained  within  a  tranniatent  capsuk 

^_^^  whidi  is  bested  at  the  end  of  the  fint  third  of  the  body. 

The  ovariei  form  a  large  spherical  mass  in  the  posterior  part 
of  the  body.  The  drrus  is  short  knife-shaped  mod  hu  a 
alight  double  curve.    Found  in  brackish  water,  Hobokcn,  N.  J. 


DendrocoduM  sp.  Pearl  1903. 


IMPORTANT    REFERENCES    ON    NORTH    AMERICAN    FRESH- 
WATER TURBELLARIA 

Gka»,  L.  von.    1883.    Monogiaphie  der  TurbeUarien.    I  Rliabdocoelida. 

Leipzig. 
1904-1913-    Bronn's  Klasaen  und  Ordnungen  des  Tierreichs.   IV.  Bd.,Wflr- 

mer:  Vermes,  Turbellam,  Acoek,  and  RliabdocoeU.    Leipzig. 
1911.    Acoela,  Rhabdocoela  und  Alloeocoela  des  Ostens  der  Verrinigten 

Staaten  von  AmeriLa.     ZeiUchi.  f.  wiss.  Zool.,  99  :33i-438.    Taf.  I-VI. 
SmiUAN,  W.  A.     1885.    Beobachtungen  ttber  die    SUsswasser-Turbekrien 

Nordamerikas.    Zatschr.  f.  wiss.  Zool,  41 :48-78;  Tai.  HI,  IV. 
WcKHiwoKTH,  W.  McM.    1897.    ContributioDS  to  the  Moiphotogy  of  the 

Turbellaria  II.    On  some  Turbellaria  from  Illinob.    BuUetin  Mus.  Comp. 

ZooL  Harvard  Coll.,  31  :  1-16;    i  plate. 
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CHAPTER  Xm 
PARASITIC   FLATWORMS 

Bv  HENRY  B.  WARD 
FnfttnKfZailtvii'llmViiiimtVytfiafiuli 

The  parasitic  worms  do  not  all  belong  to  a  single  systematic 
division.  Coming  in  many  cases  from  vridely  separated  groups, 
they  often  show  much  closer  relationship  to  certain  free-living 
forms  than  to  each  other.  But  because  of  a  likeness  in  manner 
of  life  these  forms  were  grouped  together  by  early  students  of  ani- 
mal life  as  the  Helminthes  and  in  fact  were  long  regarded  as  related 
by  reason  of  dmilarities  in  appearance  and  habit.  There  are  five 
such  groups,  usually  ranked  as  classes;  they  are  Trematoda  or 
flukes,  Cestoda  or  tapeworms,  Nematoda  or  roundworms,  Acan- 
thocephala  or  probosds-worms,  and  Gordlacea  or  hair-worms. 

In  any  given  host  only  a  few  para^tic  species  may  be  found  or 
again  the  number  of  individuals  and  species  of  parasitic  worms  in 
a  single  host  may  be  very  large.  I  have  taken  5000  flukes  from  a 
Mi^e  fish  {Amia),  and  even  larger  figures  are  recorded.  At  a 
given  time  the  variety  of  spedes  may  be  limited;  yet  as  the  kinds 
of  parasites  change  with  the  food,  the  season,  and  the  region,  the 
total  number  found  in  a  certain  host  may  be  very  large;  tlius  over 
one  hundred  species  of  parasitic  worms  are  reported  from  man 
and  thirty  or  forty  from  some  well-known  and  widely-studied  fish 
or  aquatic  birds.  Some  parasites  are  found  in  more  than  a  single 
host  species,  a  few  infest  a  wide  range  of  animals,  and  others  occur 
in  one  host  only;  all  in  all,  parasites  are  far  more  niunerous  than 
free-living  animals  both  in  number  of  individuals  and  of  species. 

The  abundance  of  parasites  varies  greatly  under  different  con- 
ditions of  existence.  Desert  animals  are  not  without  them,  but 
they  are  much  more  numerous  and  more  varied  in  water-living 
animals  than  in  hosts  from  any  other  habitat. 

Representatives  of  some  or  all  groups  of  parasites  occur  in  the 

various  aquatic  vertebrates  and  invertebrates,  and  while  in  a 

36s 
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certain  sense  they  are  not  inhabitants  of  fresh  water,  they  infest 
aquatic  animals  and  their  life  histories  form  a  part  of  aquatic 
biology.  To  be  sure  some  species  of  parasites  never  come  into 
contact  with  the  external  world  but  are  transferred  from  host  to 
host  with  the  material  in  which  they  are  living  and  others  are  en- 
tirely dependent  upon  terrestrial  animals  as  hosts.  Such  para^tes 
have  no  direct  relation  to  fresh-water  life  and  will  be  entirely 
omitted  in  the  present  discussion.  However,  in  the  large  majority 
of  parasitic  forms  the  parasitic  stage  alternates  with  a  longer  or 
shorter  non-parasitic  period.  During  this  period  of  free  existence 
the  species  is  a  dweller  in  fresh  waters  alongside  of  their  normal 
inhabitants,  possessed  of  similar  organs  of  locomotion  and  other 
adaptations  to  a  free  existence,  often  unrecognized  in  their  true 
nature,  and  properly  regarded  as  members  of  the  shore  or  bottom 
fauna  or  plankton.  This  fact  alone  compels  their  consideration 
in  any  discussion  of  aquatic  hfe. 

Contrasted  with  this  stage  is  the  parasitic  period  which  is  more 
extended,  usually  embracing  almost  all  of  the  life  history.  In  it 
the  worm  remains  with  Its  host,  dependent  upon  the  latter  for 
protection,  locomotion,  and  subsistence,  showing  structural  modi- 
fications which  aid  in  maintaining  this  dependence  and  indicating 
by  the  absence  of  organs  calculated  to  provide  for  successful  inde- 
pendent activity  the  changes  which  the  parasitic  habit  has  induced 
in  its  original  structure. 

As  already  indicated  most  parasites  show  distinct  adaptations 
to  the  conditions  under  which  they  live.  To  be  sure  some,  such 
as  certain  small  parasitic  nematodes,  are  indistinguishable  from 
their  free-living  relatives,  but  such  instances  are  rare.  The  large 
majority  have  lost  organs  usually  found  in  free  forms  and  have 
gained  structures  of  significance  only  for  a  parasitic  existence. 
Furthermore,  both  loss  and  gain  are  relative  and  graded,  rather 
than  absolute  and  unrelated.  Thus  in  some  flukes  the  alimentary 
system  is  about  as  well  developed  as  in  the  free-living  Turbellaria, 
and  of  much  the  same  type  {cj.  Figs.  678  and  639^);  in  other 
flukes  the  system  is  greatly  reduced  (c/.  Microphallus,  Fig.  697); 
and  finally  in  the  cestodes  it  is  entirely  lacking.  The  same  condi- 
tions prevail  in  the  threadworms.    Most  of  the  true  Nematoda 
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have  a  well-developed  and  functional  digestive  system;  in  Mermis 
the  system  is  active  during  early  life  and  becomes  inert  and  de- 
generate in  the  adult  stage.  Finally  in  the  Acanthocephala  there 
is  no  trace  of  an  alimentary  system  at  any  stage  in  the  life-history. 
The  gains  are  no  less  marked.  Hold-fast  organs,  like  suckers  and 
hooks,  enable  the  parasite  to  maintain  its  position  gainst  the  con- 
stant and  vigorous  movements  of  the  host.  Such  organs  of  simi- 
lar structure  appear  in  widely  separated  groups,  e.g.,  suckers  in 
flukes  and  threadworms. 

While  these  structural  likenesses  between  parasitic  worms  of 
different  groups  are  striking  and  important,  they  are  in  a  real 
sense  superficial  and  do  not  serve  to  conceal  more  than  tempo- 
rarily the  fundamental  differences  in  structure  between  the  various 
groups. 

The  flatworms  (Flathelminthes)  are  soft-bodied,  usually  elon- 
gate and  somewhat  flattened  forms.  In  the  phylum  are  included 
the  free-living  Turbellaria  (Ch.  XII)  and  Nemertina  (Ch.  XIV), 
as  well  as  two  classes  of  parasitic  wonus:  the  Trematoda  or  flukes, 
and  the  Cestoda  or  tapeworms.  The  other  three  classes  of  para- 
sitic worms  named  previously  are  grouped  together  under  the 
phylum  Nemathehninthes  or  roundworms,  which  forms  the  topic 
of  a  separate  chapter.  The  structure  of  each  group  will  be  dis- 
cussed separately,  but  certain  biological  features  are  general  enough 
to  deserve  brief  mention  first. 

Aquatic  animals  possess  some  external  parasites;  among  them 
the  species  of  ectoparasitic  flatworms,  rare  in  fresh  water,  belong 
to  a  single  subdivision  of  the  flukes  or  Trematoda;  all  other  flukes 
and  the  Cestoda  which  are  aU  parasitic  live  as  endoparasites  in 
some  part  of  the  host  organism  where  they  find  better  protection 
than  on  the  surface.  The  most  common  place  of  residence  is  the 
alimentary  canal  or  its  adneza,  air-bladder,  lungs,  liver,  etc. 
Parasites  occur  regularly  in  the  body  cavity  and  other  serous 
spaces,  in  the  kidney  and  bladder,  in  the  sex  organs,  in  the  heart 
and  blood  vessels,  encysted  in  the  skin,  connective  tissue  and 
muscle,  and  finally  in  the  nervous  system,  even  entering  the  eye 
br  brain  and  its  cavities. 

Parasites  may  be  collected  by  opening  an  animal  in  a  dissecting 
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dish  of  suitable  size  and  examining  the  contents  of  various  organs. 
The  para^tes  usually  betray  their  presence  by  sluggish  move- 
ments of  the  body  which  make  even  minute  objects  conspicuous 
in  a.  mass  of  debris.  A  watchmaker's  lens  held  in  place  at  the  eye 
by  a  spring  is  of  service  in  recognizing  and  sorting  out  the  smaller 
forms,  and  long  bristles  or  a  camel's  hair  pencil  are  useful  in  pick- 
ing out  the  forms  for  study  and  preservation.  Doubtful  objects 
should  be  examined  under  a  higher  magnification  whereupon  the 
firm,  definite  outline  of  a  parasite  enables  the  student  to  distinguish 
it  even  when  motionless  from  partly  digested  fragments  of  food, 
blood  clots,  or  other  fordgn  bodies  of  similar  size  and  texture. 

Parasitic  flatworms  may  be  kept  some  hours  in  weak  normal  salt 
solution  for  examination  or  even  in  tap  water,  but  deteriorate  so 
that  for  careful  study  material  should  be  preserved  as  soon  as 
possible.  For  preservation  an  aqueous  solution  of  corrosive  sub- 
limate is  most  satisfactory,  and  the  precise  method  of  handling 
suggested  by  Looss  s^ves  results  well  worth  the  extra  time  and 
trouble  because  of  the  greater  ease  with  which  future  work  may  be 
carried  on.  Because  of  the  great  similarity  in  external  form  be- 
tween different  types,  a  determination  can  be  safely  reached  only 
after  a  worm  has  been  st^ed  and  mounted  in  toto,  or  sectioned 
in  case  of  large  and  opaque  specimens. 

The  parasitic  fiatworms  have  received  relatively  little  attention 
in  North  America;  it  is  consequently  a  difficult  matter  to  prepare 
a  synopsis  that  is  of  value  to  the  student,  for  from  our  knowledge 
of  the  group  in  other  parts  of  the  world  it  is  safe  to  assert  that 
the  known  forms  do  not  constitute  more  than  a  small  fraction 
of  those  that  actually  exist  on  this  continent.  Another  difficulty 
which  presents  itself  is  the  impossibility  of  defining  clearly  the 
limits  of  the  topic.  I  have  endeavored  to  include  in  the  key  all 
North  American  parasitic  flatwonns  thus  far  recorded  from  fresh- 
water animals  whenever  the  record  permits  of  apy  reasonable 
interpretation.  I  have  omitted  a  few  records  so  brief  or  indefinite 
that  a  diagnosis  was  impossible.  There  is  included  also  a  consid- 
erable number  of  parasites  from  distinctly  land  animals,  the  life 
history  of  which  is  cert^nly  bound  up  with  stages  parasitic  in  the 
fresh-water  fauna.    On  the  other  hand  I  have  omitted  aU  clearly 
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marine  q)edes  and  all  from  hosts  commonly  frequenting  the  sea 
and  most  likely  to  become  infected  there. 

The  parasitic  flatwonns  fall  readily  into  two  great  classes,  the 
Trematoda  or  flukes  and  the  Cestoda  or  tapewonns.  Some  authors 
would  make  a  third  intermediate  group  out  of  the  few  forms  which 
are  known  as  Cestodaria  and  resemble  the  flukes  in  having  a  simple 
body  and  the  t^wworms  in  details  of  internal  anatomy.  In  this 
work  they  are  treated  with  the  tapeworms.  As  apart  from  these 
few  cases  flukes  and  tapeworms  can  be  fairly  readily  distinguished, 
it  is  advantageous  for  the  student  to  have  each  group  treated  sep- 
arately in  a  distinct  section  of  the  chapter;  and  to  this  treatment 
the  following  brief  synopsis  may  serve  as  an  introduction. 

Body  soft,  flattened,  shaped  moie  or  less  like  a  umple  scale,  leaf,  band, 
or  ribbon. Phylum  Platbelnunthes. 

The  external  surface  may  have  hooks,  spines,  or  scales,  or  be 
provided  with  warts  or  rugosities,  but  it  does  not  possess  a  tough, 
shiny,  smooth,  resistant  cuticula.  In  a  few  cases  the  body  is  cylin- 
drical, conical,  or  spindle-shaped  and  does  not  display  the  charac- 
teristic flattening  mentioned  in  the  key. 


page  369- 
page  434. 


Sometimes  the  intestine  b  so  rudimentary  or  so  thorou^y  con- 
cealed by  other  organs  that  its  presence  is  difficult  to  determine. 
It  is,  however,  the  only  absolute  diagnostic  characteristic  which  in 
the  last  analysis  separates  a  fluke  from  a  tapeworm. 

Tkeuatoda 

The  trematode  or  fluke  is  usually  flattened,  oval,  seed-shaped, 
or  rarely  rodlike,  attenuate,  or  globular  in  shape.  With  few  ex- 
ceptions one  finds  on  the  surface  one  or  more  cup-shaped  suckers. 
The  number  and  arrangement  of  these  constitute  a  means  of  sub- 
dividing the  group.  Careful  examination  under  magnification  dis- 
closes pores  or  openings  and  also  in  some  cases  hooks  or  spines  on 
the  surface.  Many  of  the  flukes  are  transparent  and  permit  the 
observer  to  identify  the  main  internal  organs. 

The  alimentary  system  which  usually  starts  at  the  forward  tip 
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of  the  body  or  dose  to  it  and  in  the  anterior  or  oral  sucker  is  com- 
monly shaped  like  a  tuning  fork  (triclad).  More  rarely  it  is  rod- 
like (rhabdocoel),  or  branching  (dendritic).  A  sphincter,  the 
pharynx,  is  ordinarily  found  on  the  esophagus 
and  the  true  digestive  region  consists  of  the 
two  branches,  the  ceca  or  crura,  which  vary 
greatly  in  length. 

The  excretory  system  (Fig.  651)  usually 
opens  at  the  opposite  end  of  the  body,  and 
is  I-,  Y-,  or  U-sha|)ed.  The  main  branches 
are  distinct,  containing  in  life  a  clear  fluid 
with  a  slightly  yellowish  or  bluish  tinge. 
The  finer  branches  can  be  traced  only  with 
difficulty.  They  terminate  in  the  essential 
"flame  cells" 

'(^  which  may  be  distinguished  readily  only  in 

ur  Wright.)  ji^g  living  animals  under  high  magnification. 

In  the  larger  tubes  one  finds  commonly  highly  refractive  granules 
of  excretory  material. 

Of  the  nervous  system  one  can  usually  see  irregular  masses 
(ganglia)  right  and  left  of  the  alimentary  canal,  near  its  anterior 
end.  They  are  joined  to  form  a  sort  of  coUar  around  the  esopha- 
gus, and  from  them  nerves  pass  anteriad  and  posteriad  throughout 
the  body.  Further  details  of  structure  can  be  followed  only  by 
special  methods  and  in  well-preserved  specimens. 

Special  sense  organs  are  not  common.  A  few  of  the  ectopara- 
sitic  trematodes,  which  are  rare  in  fresh  water,  have  pigmented 
eye-spots  near  the  brain,  and  the  free-swimming  stages  of  endo- 
parasites  show  similar  structures  which  with  rare  exceptions  are 
wanting  in  the  adult  internal  parasites. 

The  reproductive  system  is  the  most  conspicuous  part  of  the 
worm  but  is  exceedingly  complicated  and  often  difficult  to  follow. 
Yet  it  is  the  most  important  feature  in  the  classification  of  the 
group.  Most  flukes  are  hermaphroditic,  and  contain  complete 
organs  of  both  sexes.  The  arrangement  of  these  organs  in  a  simple, 
typical  case  is  given  in  the  accompanying  diagram  (Fig.  652). 
In  many  species  an  enormous  accumulation  of  eggs  in  the  uterus 
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obscures  all  other  structures  in  the  body.    The  eggs  are  covered 
with  a  finn  chitinous  shell  which  is  often  opaque  but  in  other  cases 
is  transparent  enough  to  pennit  one 
to  follow  the  gradual  development 
of  the  enclosed  embryo. 

The  development  of  most  ecto- 
parasitic  trematodes  is  simple  and  . 
not  different  from  that  of  free-living 
flatwonns.  There  emerges  from  the 
egg-shell  in  due  time  a  dliated  larva 
which  swims  about  in  the  water  until 
it  finds  a  new  host  to  which  it 
attaches  itself.  In  endoparasitic ' 
trematodes  the  life  cycle  is  more 
complicated  in  all  cases  and  ex- 
tremely involved  in  some.  Only  a 
general  outline  of  conditions  can  be 
given  here. 

The  eggs  of  the  fluke  reach  the 
external  world  in  the  feces  or  dis- 
charges from  the  host.  Within  the 
egg-shell    is    developed    a    minute 

,  .  f  Fio.eji.  .*D'(Mjtfciri.    Domlview.XiS. 

larva,    the    nuractdium,    evidently  ^,(«n»i*nproducii««™ttmindo[»i«pMt. 

'  '  ."    Senu-dmgnininulic  lo  show  ralilion  of  orgini 


adapted  by  its  dUated  covering  to  {J^E^^^g^ 
a  free  existence..   Sooner  or  later  the  ^f^  Sj''',"'^"X^xpr«!o™'^ 
egg  arrives  in  water  where  the  shell  JJ«l^,;?*i52™;"'StSia'S"i«/'ilurd^ 
opens  and  the  larva  escapmg  swims 

about  in  search  of  a  new  host.  The  latter  is  not  the  sjjedes  which 
shdters  the  adult  but  an  intermediate  host  which  for  almost  all  flukes 
is  a  mollusk,  in  the  tissues  of  which  the  miraddium  changes  to  an 
irregular  sac  (sporocyst);  this  produces  within  itself  a  new  gen- 
eration (redia)  which  also  in  this  host  produces  a  third  generation 
(cercaria).  The  miraddium  possesses  an  eye-spot  and  often  a 
boring  apparatus  at  the  anterior  end.  These  structures  are  lost 
in  the  metamorphosis  into  a  sporocyst,  a  stage  so  simply  con- 
structed that  the  young  rediae  escape  by  the  rupture  of  the  wall. 
A  redia  is  characterized  by  the  presence  of  a  rhabdocoel  intestine 
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with  pharynx,  an  oral  sucker,  and  usually  a  birth  pore.  The 
redia  generatioa  may  be  repeated  and  either  this  or  the  sporocyst 
generation  be  eliminated,  so  that  the  cycle  may  become  modified 
in  ^ther  direction. 

When  development  within  the  mollusk  is  completed  and  the 
transfer  to -the  adult  host  takes  place,  the  transfer  may  be  direct 
if  the  mollusk  is  eaten  by  a  suitable  host.  Yet  this  is  not  the 
usual  method  since  the  ordinary  cercaria  possesses  a  weU-developed 
swimming  organ  in  the  tail  which  characterizes  this  stage  and  is 
cast  oS  when  the  larva  reaches  a  new  host  or  a  place  of  encyst- 
ment.  This  swimming  tail  is  reduced  in  a  few  types  and  wanting 
only  very  mfrequently.  In  other  cases  various  modifications,  such 
as  bristles,  folds,  branches,  lateral  membranes,  etc.,  inaease  its 
functional  value. 

The  cercaria  usually  deserts  the  snail  and  actively  seeks  out  its 
primary  host,  but  after  reaching  the  outer  world  it  may  also  encyst 
on.vegetation  or  force  its  way  into  a  second  intermediate  host,  an 
aquatic  arthropod  or  small  fish,  and  encyst  there.  Here  it  rests, 
a  small  immature  encysted  distome,  until  the  tissue  is  consumed 
by  a  suitable  host,  whereupon  it  is  set  free  in  the  alimentary  canal 
and  seeks  its  final  location  to  attain  after  a  period  of  growth  the 
adult  form  and  full  maturity.  Life  histories  are  known  among 
trematodes  only  in  the  most  fragmentary  way  and  the  field  offers 
inviting  prospects  to  the  student. 

As  appears  from  the  account  just  given  two  free-living  stages 
recur  in  the  development  of  most  flukes.  The  miraddium  nor- 
mally depends  on  active  migration  through  the  water  to  reach 
and  infect  the  secondary  host.  In  spite  of  the  constant  and 
abundant  production  of  such  larvae  their  occurrence  in  plankton 
or  other  fresh-water  collections  is  not  recorded.  This  may  be  due 
to  the  extreme  deUcacy  of  the  larvae  which  go  to  pieces  ahnost  as 
soon  as  collected. 

When  infected  snails  are  kept  in  an  aquarium,  the  cercariae 
swarm  out  at  certain  times  in  great  numbers  and  can  be  seen 
swimming  actively  about  in  the  water.  They  conduct  themselves 
under  such  circumstances  like  true  plankton  organisms:  protozoa, 
rotifers,  and  entomostraca  in  the  same  aquarimn.    Yet  although 
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such  larvae  are  produced  in  great  abundance  and  Infected  mollusks 
are  also  abundant  and  widely  distributed,  there  are  few  records  of 
cercariae  in  reports  on  aquatic  life. 

Lddy  found  cercariae  free  in  the  Delaware  River  and  in  a  Wy- 
oming pool.  Wright  discovered  the  remarkable  anchor-tailed  cer- 
caria  among  weeds,  and  I  have  taken  several  forms  including  the 
striking  Cercaria  gorgonocephaia  in  the  tow  with  a  plankton  net. 
None  the  less  among  the  fresh-water  organisms  that  are  least' 
known  one  may  well  list  the  free-swinuning  st^es  of  parasitic 
worms. 

From  this  survey  of  the  life  history  it  is  evident  that  the  degree 
of  trematode  infection  depends:  first,  on  the  presence  of  water  at 
the  time  when  the  cercariae  or  miraddia  swarm  out;  and  second, 
on  the  occurrence  of  mollusks  in  the  region  to  act  as  intermediate 
hosts.  Hence  flukes  are  rare  in  arid  areas  and  also  in  regions 
lacking  in  lime  where  mollusks  are  all  but  wanting. 

In  general,  infection  is  seasonal  and  may  be  traced  to  the  climatic 
conditions  because  periods  of  excessive  mobture  permit  the  swarm- 
ing of  the  larvae,  whereas  during  dry  months  the  egg-shells  remain 
unbroken.  The  study  of  the  adult  parasites  has  shown  that  in 
most  cases  observed  the  flukes  produce  eggs  continually  and  seem 
to  display  equal  reproductive  activity  in  all  parts  of  the  year. 
The  number  of  flukes  found  in  a  given  host  does  not  appear  to  vary 
seasonally  although  it  does  vary  widely  in  individual  hosts. 

The  fishes,  amphibians,  reptiles,  birds,  and  mammals  that  occur 
in  and  around  various  fresh-water  bodies  shelter  a  multitude  of 
species  of  trematodes.  The  group  has  never  been  studied  care- 
fully on  this  continent  and  data  available  include  mostiy  casual  or 
fragmentary  observations  on  a  few  of  its  members.  Pratt  made 
the  first  general  list  of  these  species.  Since  then  a  number  of 
students  of  individual  genera  or  groups  of  flukes  have  added  to 
the  count.  Even  this  has  only  made  a  start  at  recording  the 
North  American  spedes  in  the  region  which  has  been  studied  and 
one  can  hardly  venture  to  predict  the  number  of  ^>edes  in  parts 
of  the  country  where  no  collections  at  all  have  been  made.  The 
total  trematode  fauna  of  North  America  is  greatiy  beyond  any 
present  records  and  cannot  be  estimated  from  the  data  at  hand. 
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Even  concerning  the  forms  listed  it  must  be  confessed  that  our 
knowledge  is  very  imperfect. 

In  preparing  the  key  I  have  followed  the  plan  so  admirably 
fonnulated  by  Looss  and  worked  out  in  various  groups  by  Braun, 
LUhe,  and  Odhner.  The  data  on  larval  forms  (Cercariae)  are 
adf4>ted  from  Cort  and  Faust. 

KEY  TO  NORTH  AMERICAN  FRESH-WATER  TREMATODA 

1  (169)    Adult  fonns;  sex  organs  devebped  and  functioning i 

2  (28)     Posterior  organs  of  attachment  powerfully  developed;   those  at  ante- 

rior end  absent  or  if  present  poorly  devebped  and  paired. 
Chitinous  hooks  and  anchors  almost  always  present. 

Subclass  Monogenea  .   .    3 
Excretory  pora  ulterior,  double,  donal;  utenu  short  unu 
DcTcloj^TteDt  ^inple,  direct-     M«t  fonns  mre  cctopaiutic    .  . 
Ireah-waler  hoaCi  found  in  urinaiy  bladder  (Amphibia)  or  re^iirati 


3  (8)     Posterior  organ  single.    V^ina  unpaired.    No  genito-intestinal  canal. 

Order  Mon<^tltocoQ4u  Odhner  .   .     4 

4  (5)    Two  suckeis  at  anterior  end,  entirely  independent  of  the  oral  cavity. 

A  single  large  posterior  sucker. 

Family  Tristomidae  van  Beneden  1858. 

Monognetic.  ectopaiuitic  tiematodei  with  k  dogle  Urge  round    terminal   suder,  often 
aimed  mth  hooks,  and  with  two  maallet  yet  a>nq>icucnu  lateral  suckers  at  the  anterior  end- 
Mouth  ventral  just  behind  anterior  suckers.    Many  lorma  parasitic  on  gills  of  marine  fishes; 
a  few  reach  fresh  water  through  the  movements  of  migratory  fish- 
Only  Species  reported  from  North  America. 

NilKchia  sturionis  (Abildgaard)  1794. 
sturgeon  {Acipeiaer  dtiria)  at   Woods  Hole,    May  be 

5  (4)    Anterior  end  expanded,  bearing  special  structuies  of  some  sort  and  yet 

never  true  suckers  alone. 
Family  GyRODAcrYiiDAE  van  Beneden  and  Hesse  1863  .   .    6 
Small,  slender,  elongate  tremalodes  with  anterior  end  variably  provided  with  spedaliad 
structures,  only  rardy  true  suckers  and  then  associated  with  other  special  organs,     fosterior 
disc  without  suckers,  usually  with  two  or  four  huge  hooks  in  the  center  and  a  considerable 
number  of  small  marginal  booklets. 
On  the  skin  and  gills  of  fishes. 
The  genera  leported  from  fresh  water  all  fall  hi  the  section  of  the  family  in  which  the  an- 

ous  dermal  gl 

6  (7)    Posterior  disc  with  two  large  central  books.    No  eyes. 

Gyrodactylm  von  Nordmann  1833. 

Anterior  end  orovided  with  two  lateral  contructile  lappets.  Large  central  hooks  of  pos- 
terior disc  turned  ventrad,  shaped  like  fish  hooks  and  bound  together  at  the  roots  by  a  speda] 
damp  I^ece-    Marginal  books  sixteen,  simple.    Viviparous. 

On  skin  and  gills  of  many  fresh-water  fish,  especially  Qrpmiidae.  At  times  numerous  enough 
to  destroy  theeitemal  dermal  lay ^  '  -   -  -■--  ' '   -■     *' -■ — "-   -'  "-  — 

Reported  only  twice  In  North  Americn;  from  young  lak 
black  bast,  Ontario,  Canada.  Spedes  uncertain.  Causi 
fish  at  hatchery  (Ctiug  Pond);  also  on  wild  fish  in 


black  bast,  Ontario,  Canada.    Spedes  uncertain.    Cause  of  serious  e[^enuc  amoog  young 
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7  (6)    Posterior  disc  with  four  large  central  hooks.    Two  paire  of  eyes. 

Ancyrocephalas  Crq>lm  1839. 

Anterior  end  bluntly  triangular  with  two  inconsincuous  lobes  on  each  side,  bat  no  distinct 
ceph^ic  lappets.  Posterior  disc  bears  four  large,  heavy  books  and  damp,  and  (ourteen  or 
^iteen  smalt  margbial  hciaks  of  which  two  lie  before  aiul  two  bebind  tbe  large  luoks.    Ovl- 

On  the  Bills  of  mflny  fresh-water  fish. 

Two  species,  determination  doubtful,  reported  by  Cooper  from  Ontario,  Canada.  On  the 
gills  of  young  bU^  boss.    Also  from  rock  bass  and  sunfidi. 

8  (3)     Posterior  organs  multiple   (two  to  many  parted).    Vapna  double, 

Genito-intestinal  canal  present. 

Order  Polyopisthocotylea  Odhner  .   .     9 
Suckers  at  anterior  end,  if  present,  open 

well-developed  organs  of  Bttaihroent '■ 

Geld  or  disc. 

9(13)    With  two  oral  suckers  and  with  genital  hooks 10 

10  (11)     Posterior  disc  with  e^t,  less  often  four  (five)  small  peculiar  sucking 

organs. 

Family  Octocotylidae  van  Beneden  and  Hesse  1863, 

Elongate,  flattened  ectoparasitic  Irematodes.  The  posterior  organ  of  attadunent  has — 
UsuaUy  in  two  parallel  symmetrical  rows  — eight,  more  rarely  four  or  aii,  sinall  suckers  braced 
with  a  characteristic  chitinous  framework  or  armed  with  hooks.  Extra  hooks  occur  often  on 
the  disc.  Genital  pore  alws>^  armed  with  hooks.  Eggs  supplied  with  one  or  two  long  fila- 
ments.   On  gills  of  marine  and  freah-watci  fishes. 

These  parHsites  are  rare  in  fresh  water  yet  no  doubt  other  genera  than  the  two  dted  here 
do  occur.  The  American  representatives  art  not  well  known  and  otdy  the  first  is  more  than 
an  accidental  member  of  the  fresh-water  fauna.  For  this  reason  no  effort  has  been  made  to 
incorporate  them  in  the  key. 

Masocraes  Hermann  1781. 
One  ffl 
tucker  <Pat«sU)iina  Ura). 

Pkctanocolyh  Diesing  1850. 
rs  fresh  water  to  spawn  so  that  thi) 

11  (to)     Posterior  disc  with  a  large  number  of  small  suckers. 

Family  Microcotyudae  Tascheubei^  1879. 

Elongate  ectoparaatic  trematodes  with  two  small  anterior  suckers  connected  with  tbe  oral 
cavity  and  with  the  posterior  end  eipandcd  into  a  foot-like  region  bearing  a  multitude  of 
minute  suckers.    Eggs  with  large  filaments  at  both  poles. 

Body  and  posterior  organ  of  attadunent  synvmetncol. 

MicTOCOtyle  van  Beneden  and  Hesse  1863. 

A  genus  parasitic  on  the  gills  of  marine  fishes.  G.  A.  and  W.  G.  MacCallum  report  three 
species  from  the  rock  bass  {Raccus  linealiu)  which  ascends  rivers  along  the  Eastern  CoBSt 
for  pawning.  Hence  these  parasites  might  be  token  in  fresh  water,  though  no  record  of  such 
an  occurrence  has  been  found. 

13  (9)    Anterior  end  pointed,  without  suckers  or  other  special  organs. 

Family  Polystomidae  van  Beneden  1858  ,  ,     13 

Elongate,  flattened  monogenetic  trematodes  with  simple  anterior  end,  and  with  prominoit 
adhesive  disc  at  posterior  end.  Posterior  disc  with  hooks  and  either  two  or  mi  large  powerful 
soders.  Mouth  subterminal,  intestine  triclad,  often  dendritic,  with  anastomoses.  Male 
genital  pore  and  uterine  orifice  median,  ventral,  postpharyngeal. 

On  body  surface,  gills,  and  in  urinary  bladder  of  ompUbiins;  in  pharynx  and  ckMica  of  rep- 
tOea. 
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13(17)    Posterior  disc  with  six  suckers 14 

14  (36)    Posterior  disc  terminal;  suckers  large. 

Polysloma  Zeder  iBoo   .    .     rj 

Six  lucken  In  >  circle  or  in  two  rom  ■omewtwt  Mpsratcd  in  the  mudiAn  line.  In  tlkr  cotter 
of  each  sucker  a  small  book,  sjid  others  on  anterior  and  posterior  margins  of  shiekl:  betweoi 
posterior  acet&buli  two  luse  books.  Vuiaa  double,  one  pore  on  each  side  near  tbe  ante- 
tiof  end.    Eggs  without  polar  filament.    Genital  atrjum  with  drde  of  hooks. 

Several  spedes  in  reptiles  and  Bm^liians.  Not  oommon  but  widely  distnbuted.  P. 
ialettftimam  Zeder,  type  of  the  seaus,  is  not  reported  from  North  America.  American  q>ecie« 
woned  out  by  Stunkard, 

AH  North  American  lomis  fall  in  tbe  section  ol  the  genus  characteriied  by  tbe  presence  of 
a  ibort  uterus  amluniog  a  single  egg;  to  these  fomu  a  new  subgeneric  name  shoultf  be  given. 

Polysloma  {Pdystontoidei)  Ward. 

15  (33)    Great  hooks  present  on  caudal  disc  and  well  developed r6 

16(33)     Genital  hooks  of  equai  length 17 


17  (18,  3i)    Not  more  than  16  genital  hooka. 

P.  (Polystomoides)  hassaUi  Goto  1899. 

Length  1.3  to  1  mm.;  widtbo4too.6smm. 
Caudal  suckers  o.ii  to  0.16  mm.  in  diameter. 
,  Caudal  disc  with  18  books,  the  largest  o.iij 
mm.  and  tbe  smallest  0.033  mm.  ioag,  Cir- 
nu  books  0.018  mm.  long  with  a  winglike 
process  at  the  middle.  Uterus  contains  only 
a  single  large  egg  measuring  o.ii  by  a.15  mm. 
to  o.iS  by  J4  mm. 

Urinary  bladder  of  CinaiUrHiim  peniuyhaii- 
icum,  AromBckdys  carifuUHi,  A .  tdoralut.  Out- 
X  iS  y^"  lerptnlina;  Maryland,  North  Carolin*, 
Texas,  Iowa. 


18  (17,  ai)    Genital  books  33. 


19  (30)     Acetabula  large,  adjacent,  not  contiguous;    pharynx  smaller  than 
oral  su(±er,    .   .     P.  (Polyalomoides)  coronalum  Lady  1888. 

Bodyj.isbyo.Sjmm.  Caudal  sailen 
0.3J  mm.  in  diameter.  Caudal  disc  with 
one  pair  of  great  hooks,  0.131  mm.  long, 
one  pair  lA  Intermediate  hooks,  0.051  mm. 
long,  and  Biall  books,  o.oa  mm.  long. 

From  the  common  food  terraiwi  (Leidy). 
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30  (iq)    Acetabula  small,  widely  sq>arated;   phaiynz  equal  in  size  to  oral 
sucker,   .   .   .  P.  (Polystomouks)  microcotyU  Stunkard  igi6. 

Body  3  by  0.78  mm.  Cauda]  suckers 
aiSnun.  indiameter.  On  caudal  diic  one 
pair  o(  great  hooks,  0.116  mm.  \aag,  one 
pair  □(  iatemudiaU  books.  0.061  mm. 
long,  and  small  books,  a.017  mm.  Iraig. 
Gemtal  coronet  o(  ji  equal  and  nmilai 

In  nwuth  of  Ckrysemys  nartiiula; 
Crestoa,  Iowa, 


31  (17, 18)    Genital  hooks  more  than  32  in  aumber. 

P.  {Polyslomoida)  megacotyle  Stunkard  1916. 

Body  3,s  to  1.7  by  0,71  to  0.7S  mm. 
Genital  coronet  36  to  41  equal  books. 
Caudal  suckers  ta^i  <:iowded.  On  caudal 
>f  great  books,  c 


Cof   intermediate  books, 
_,  and  SI     ■■  ■     ■ 


1  hooks  0 


33  (16}     Genital  hoolcs  unequal  in  length. 

P.  {PolysUmoides)  oblongum  Wright  1879. 

Up  to  3.5  mm.  long  and  1,5  mm.  wide.  Caudal 
OD  caudal  disc  0.15  mm.  and  small  hooks  o.oij  mn 
nitely  large  and  small,  with  free  end  sharply  curved. 

Prmn  urinary  bladder  of  Aromochtlys  odoralia;  Canada. 


33(15)    Great  hooks  of  caudal  disc  reduced  in  size  or  absent 34 


Genital  hooks  16  in  number. 

P.  {Polystomoidts)  orbiculare  Stunkard  1916. 

Length  a. 7  to  3.7  mm.;  width  0,9  to 
i.a  mm.  Caudal  suckers  0.3  mm.  in 
diameter.  On  caudal  disc  only  a  single 
minute  hooklet  0.016  mm.  long,  in  the 
base  of  each  sucker:  no  large  books. 
Genital  coronet  of  16  equal  and  smilar 
hooks.  Egg  spherical,  o.ai  to  0.34  mm. 
in  diameter. 

In  urinary  bladder  of  Chryscmyi  mar- 
tinata  and  Psaidemys  scrifia;  North 
Carolina,  Illinois,  Iowa. 
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as  (J4)     Genital  hooks  32  in  number. 

P.  {Polyslomoides)  opacuM  Stunkard  1916, 

Length  3  to  4  mm.,  width  0.8  to  1  mm.  Caudal  luckere  0.4  mm.  in 
diameter.  On  caudal  disc  monv  imall  hookJet9  T  to  g  u  long,  and  one 
larger  pair,  7Sfi  long;  no  great  hooks  present.  Genital  coronet  of  33 
(33')  equal  hooks.     Egg  ov»I,  o.i;  hy  o.J  mm. 

Viteilaria  of  targe  compact  follicles  under  dorsal  surface  from  pharynx 
to  caudal  disc  except  over  ovarian  complex;  so  eitenavely  developed  aa 
to  obscure  internal  organs  and  render  body  opaque. 

In  CMipbagus  of  Trionyx  fetvx  and  of  MalatocUmmys  laueurii; 
Texas. 


I  efaaim.      EiUndcd.       Vrntn]  view. 


36  (14)     Posterior  disc  overhung  by  a  Sap  bearing  four  hooks. 

Diplobolhrium  F.  S.  Leuckart  184a. 

Elongate,  ectoparasitic  trematodes  with  slende 
ananged  in  two  iongiludinal  rows  and  armed  wi 
slender  caudal  tip  wUch  carries  two  hooks  on  each 

One  spedes  (Z>.  arxw/nn)  reported  on  the  gills  of  the  lake  sturgeon  {Acipauer  nMamdm) 
from  St.  Lawrence  River. 


37  (13)     Posterior  disc  with  two  suckers Sphyranura  Wright  1S79. 

Caudal  lamina  considerably  wider  than  slender  body,  with  two  im- 
mersed suckers,  (wo  large  hooks  behind  them,  and  sixteen  small  hooks 
arranged  seven  along  each  side  of  the  lamina  and  one  in  each  sucker- 
Two  cuntraclile  bladders  anteriorly,  each  with  a  dorsal  pore.  No  lateral 
vaginae.    Oviparous, 


Only  species  known. 

Sphyranura  osleri  R.  R.  Wright  1875. 
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38  (2)    Organs  of  attachment  one  or  two  suckers  of  which  the  anterior  is 

always  single  and  median;    without  chitinous   hooks   or 
anchors;  accessory  suckers  rare.  Subclass  Digenea    .   .     29 

Eioetoiy  organa  empty  by  a  sin^  pore  at  or  near  posterioi  end.    Ulenu  luually  long, 

contuning  masses  of  eggs,  ruely  only  a  few.    Development  complei,  with  alternation  of 
hosts  and  most  often  also  of  generations, 

WithnreelceptioDS  adults  endoparasitic  in  visceral  organs,  usually  alimefitacy  ^stem  of  ver- 
tebrates.   Isolated  adults  occur  in  mollusks  and  insects  which  are  the  nonnal  bosta  for  young 

For  kqr  to  free  living  larval  stages  see  section  on  Cercaria,  171  (170)  in  this  key. 

39  (30)    Anterior  sucker  not  perforate;   mouth  on  mid-vential  surface;   no 

oral  01  ventral  suckers.  .   .  Order  Gasterostomata  Odhner. 

Phaiyni  and  esophagus  present.  Intestine  sacculate,  simple.  Vitellaria  lateral  in  aotetior  - 
r^ion  al  body.  Germ  glands  behind  intestine,  in  posterior  region.  Testes  two;  cimis  eloa- 
gate;  pore  ventral  near  posterior  end.    Ovary  simple,  opposite  or  in  front  of  anterior  testis. 

Single  family Bucephaudae  Poche  1907. 

Only  genus  known Bucephalus  voa  Baa  1B36. 

Anterior  end  bears  large  sucker  with  ventral  orifice  and  smalt  muscular 
papillae  at  lateral  angles. 

The  adult,  better  knoim  as  Gaslavilamiim,  has  been  reported  only  from 
Canada  though  to  judge  from  the  abundance  ol  the  characteristic  two-tailed 
cercaria  it  must  occur  frequently  in  other  regions. 

Stomadi,  intestine,  and  ceca  of  black  bass  and  BoUtsoma  nigmm.  Early 
stages  encysted  in  young  black  bass,  rock  bass,  perch,  and  miimow,      • 

Cercariae  paiaaitic  in  Unionidae,  especially  m  sex  organs.  Pennsylvania, 
Illinois,  lows,  Canada,  Not  common;  occurring  in  Sheen  spedes  of  Unionidae 
out  of  (orty-four  examined;  in  susce[Mible  hosts  only  4  per  cent  of  individuals 
afieeted  (Kelly). 

Representative  North  American  species. 

Bucephalus  fusiUus  Cooper  1915. 


30  (39)  Mouth  at  or  near  anterior  tip  of  body  ordinarily  surrounded  by  oral 
sucker;  another  sucker  if  present  median,  behind  mouth 
on  ventral  surface  or  at  posterior  end. 

Order  Prosostomata  Odhner  .   .    31 


31  (36)  Intestme  simple,  rhabdocoel;  oral  sucker  very  poorly  developed; 
ventral  sucking  organ  a  powerful,  conspicuous,  adhesive 
disc  or  a  series  of  smaller  suckers. 

Suborder  Aspidocotjlea  Manticelli. 

Terminal  or  subleminal  mouth  surrounded  by  funnel-stiaped  expansion  of  skin,  but  not  by 
tine  sucker.  Holdfast  organs  ventral,  usually  in  form  of  iu^  sucking  disc  distinctly  set 
off  from  body  and  subdivided  into  numerous  sucking  alveoU,  but  never  carrying  chitinou! 
hooks  or  ancbors;  or  in  place  of  disc  single  series  of  small  disninaected  suckers.  Alirnentaiy 
canal  ^mple,  rhabdocoel.  Sexual  oijtans  simple.  Development  with  or  without  alternation 
''  ' — '■  — ' *■ —     "-■' ■"  ir  rarely  ectoparasitic,  in  mollusks  and  cold-blooded 

Forms  not  numerous,  little  known,  grouped  together  at  present  into 
a  single  family.   .    .    AspmoGASTKiDAE  Foche  1907  .    .     33 


.dbyCoOgIc 


,380  FRESH-WATER  BIOLOGY 

33  (33)     Adhesve  organ  oval,  composed  of  four  rows  of  alveoli. 

Aspidogoikr  von  Baa  1826. 

VentiaJ  sucking  disc  lu^,  equal  in  brculth  and  nnrly  so  la  lenxtli 
to  entire  body;  ova]  is  outHne  with  four  convergent  Itni^udinal 
rows  of  quadrangular  sucking  grooves.  Margin  notched,  with  sense 
orgaoB.  Mouth  terminal;  intestine  extCDdiof:  into  posterior  end. 
Sexual  pore  median;  In  depreaslan  between  ventral  shield  and  fore- 
*  '  Ovary  small;  testis  single,  same  siie  aa  ovary.  Utenii 
tately  long;  ova  large.     In  fishes  and  molluslcs. 


body. 


Representative  American  species. 

Aspidogaster  conckicola  von  Baer  1816. 

The  common  North  American  species  in  fresh  water,  AipUagaiter 
lonckiteia  v.  Baer,  ii  also  the  most  common  puaaite  of  the  Union- 
idae.  Front  pericardial  and  renal  cavities  of  various  qiedes  of  tbe 
group;  St.  Lawrence  River;  Havana,  Illinois;  North  Judson,  In- 
dlaaaj  lows;  Pennsylvania,  Kelly  reported  thirty-seven  cut  of 
[orty-fouT  species  of  Unic^idBe  and  41  percent  of  the  1577  individualB 
csammed  were  parasitized  by  this  spedes,  OccasJuaally  found  in 
the  Intestine  of  various  fiahes  into  which  it  has  been  Introduced 
when  its  proper  host,  the  mussel,  was  taken  as  food. 


t  itUetailK  atuMaU.  AutEriat  End  d(  vcntrml  aucker  am  •sea 
Dmbimd  with  «nital  gyilon,  partly  diananunatic  UUrua 
Jca  Hi  out.    EU.     X  iiTima  Staffonl.) 


33  (33)     Adhesive  disc  oval,  composed  of  three  rows  of  alveoli 34 


34  (35)    Mouth  subterminal,  not  stirrounded  by  buccal  disc 

ColyUiipis  Leidy  1857. 

Vailral  shield  much  as  in  Aspidaiasltr,  save  that  the  alveoU 
are  in  three  longitudinal  rows,  the  central  alveoli  being  ekmgited 
transversely.  Marginal  sense  organs  [Hvsent,  alio  two  QfO- 
Ovary  dexlral.  smaller  than  single  testis  in  posterior  end.  Ova 
not  numerous,  large. 

01  several  ^Mdes  known,  Colylaipij  iniiftit  Leidy  1857,  is 
most  frequent.  It  is  adherent  to  surface  ol  host  in  angle  between 
inner  gill  and  visceral  mass  (Kelly) ;  or  branchial  cavity  (Leidy) 
of  many  species  of  L'nionidae:  Havana,  lU.;  Grand  Rapids. 
Mich.;  Lake  Chalauqua,  N.  Y.;  Cedar  River,  la.;  SchuylkiU 
River,  Pcnn.  Kelly  examined  over  1600  individuals  of  44  species 
which  belong  in  14  separate  host  spedes  and  lound  iS  per  cent 
infected.    The  nmnber  in  a  single  host  is  small. 


Representative  American  spedes. 

Colylaspis  cokeri  Barker  and  Paisons  1914. 


X30.   *,  Xis. 
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3S  (34)     Mouth  tenninal,  surrounded  by  expanded  buccal  disc. 

Colylogasler  Monticelli  189a. 

VoitrmJ  diK  composed  of  single  mcdUD  row  of 
ETOOvei  greatly  elongated  transversely  and  sur- 
rounded by  marginal  row  of  small,  drcutar  alveoli. 
Mouth  in  center  of  dbcoidal  expansion  of  actenor 
lip  of  forebody.  Long  prephaiyni  and  esophagus. 
Ovary  and  two  testes  just  behind  it  focin  linear 
series  posterior  to  center  o(  body.  Laurer'a  canal 
present.  Embryo  with  large  postcrioT  sucker; 
development  unknown. 

Parasitic  in  intestine  ot  fiibet. 


Single  North  American  species. 
Colylogasler  occidenUUU  Nickerson  1900. 


view  ot  VI  entire  ■icohnlic  s] 
terior  portion  e  retracted- 

viimal  being  reprwnt^H  ■■ 
with  Ibedonalcci 
(Aitei  Nickenoo.] 


36  (31)    Intestine  forked;  oral  sucker  distinctly  developed;  ventral  sucker  if 
present  simple. 37 

In  one  genus  (CryplogBKirnu)  the  ventral  racker  confl'stt  of  two  small  acetabula  ckm 
together;  in  a  few  genera  it  is  more  «-  less  intimately  connected  with  a  geniul  sucker  nir- 
inundtnK  the  sexual  pore,  but  in  no  case  does  it  consist  of  a  soles  of  small  sucking  <rgBDSOt 
have  a  complex,  many-parted  stnicture. 

The  forms  embraced  under  this  heading  in  the  four  suborders  which  foilon,  stand  in  sharp 
contrast  with  lho«  of  the  suborder  A^idocotvlea  just  preceding.  In  fact  the  latter  are  so  dis- 
tinct in  general  appearance,  in  structure,  and  in  development,  that  they  have  regularly  been 
grouped  heretofore  apart  from  the  orders  which  follow.  They  were  generally  included  under 
tbe  Monogenea  (p.  314)  until  Monticelli  revived  the  orij^ial  view  that  they  should  be  regarded 
u  an  independent  subdivision  of  equal  rank  intermeoiate  between  the  Monogenea  and  tbe 
Digenea  (p.  379}.  Tbeir  very  recent  inclusion  in  the  latter  group  has  been  well  justified;  yet 
even  with  that  the  striking  differences  noted  above  must  be  kept  dearly  in  mind. 

Tbe  forms  which  follow  fall  naturally  into  four  gmupa  ranked  here  as  suborders;  they  are 
ea^ly  distinguished  by  a  single  external  feature,  the  adheave  apparatus,  consisting  of  suckers 
which  in  number  and  arrangement  are  characteristic  of  each  group.  Thus  the  hobstomes  have 
in  addition  to  the  oral  and  ventral  suckers  a  special  adhesive  organ  behind  the  latter.  This 
special  organ  is  variable  in  form  and  character.  In  the  amphistomes  one  fittds  an  oral  and  a 
terminal  sucker,  but  lui  olber  adhesive  organs.  The  distomes  possess  an  oral  and  a  ventral 
sucker  but  none  further  back,  while  finally  the  monostotnes  have  only  one  sucker  and  that  is 
ilin  k>catiDr 


as  an  independent  subdivision. 
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37  (48)     No  ventral  sucker  present;  oral  sucker  only  adhesive  organ  present. 

Suborder  Ifonostomata  Zeder  .    .     38 

ElxlDparasitic  ttematodea  i 

at  «nterior  end.    Intestinal  ci  .  .  

ventral  or  marginal  in  anterior  Teflon,  or  rarely  median  posterior.     Life  histoty  relatively  un- 
known.    For  developmental  atages  see  174  (183)  in  this  key. 

Fotms  not  vdl  known,  though  frequent  especially  in  reptiles  (turtles)  aiul  birds;  rarely  also 
mammals      North  Amen^^n  records  scanty. 

Most  of  the  forms  described  fmm  this  continent  19  "Monostomum"  cannot  be  located 
eicept  generally  in  this  eei:tioo  since  the  data  ate  lacking  on  which  a  more  exact  determina- 
tion depends.  It  is  indeed  likely  that  some  of  them  were  wrongly  placed  in  this  group  and 
more  complete  knowledge  of  their  structure  will  result  in  tbdr  transfer  to  some  other  section. 
Until  the  specimens  are  restudied  they  must  all  be  RKsrdcd  as  uncertain.  Such  doubtful 
forma  are  those  listed  as  Honoiloma  sp.  in  Stiles  and  Hsssall's  Catalog  (1904)  and  the  followiiig; 

UoHosUiiiui  nffine  Lddy  from  muskrat,  if.  amiari  Stafiord  from  bullhead,  M.  asptrsum 
Vaill  d(  Pratt  from  salamaniter,  U.  iHtammodum  Leidy  from  alligator  (which  later  the  autboc 
conjectured  to  be  in  fact  a  distome),  U.  Bnutum  Leidy  from  frog,  U.  sp^idiitum  Lady  from 
"fish." 

Odhner  contends  that  the  monostomea  art  isolated  members  of  other  groups  that  have 
lost  all  auckeia  save  the  oral  and  that  they  should  be  classed  in  the  various  hnulies  irom  which 
they  have  sprung.  For  practical  reasons  [t  will  be  necessary  to  retain  the  group  at  least  until 
its  forms  are  much  better  known. 

38  (45)    With  two  compact  testes,  and  follicular  vitellaria 39 

39  (44)     Body  elongated.    Not  parasitic  in  dermal  cysts 40 

40  (41)     Intestinal  crura  connected  at  posterior  end.    Testes  near  posterior 

end,  within  crura,  asymmetrical.     Ovary  between  testes, 
and  inteicecal  but  opposite  to  them. 

Family  Cyclocoelidae  Kossack  iqii. 

Large  mooostomes  with  thick,  muscular  body,  somewhat  flattened.  Esophagus  short,  no 
pharyoi.  (Eossack  designates  the  structure  which  lies  near  the  mouth  ss  the  pharynx;  I  have 
called  it  the  oral  sucker.  He  says  these  forms  do  not  possess  an  oral  sucker.)  Intestinal 
branches  simple  or  with  small  ceca  on  the  inner  side  connected  at  posterior 
end  by  continuous  arch.  Genital  pore  median,  ventral  to  and  near  oral 
sucker.  Keceptaculum  seminis  and  Laurer's  canal  wanting.  Vitellaria  well 
developed,  lateral  and  sometimes  dorsal  to  intestine;  transverse  duct  just  in 
front  of  posterior  testis.  Uterine  coils  numerous,  regular,  transverse,  occu- 
pyizig  space  between  posterior  testis  and  fork  of  intestine.  Eggs  numerous. 
without  polar  filaments. 

Ail  passages  of  water  birds;   frequently  reported  as  in  body  cavity. 

Only  American  genus.      .    .    .    Cydocoelum  Brandes  1892, 

Intestinal  crura  simple,  genital  pore  near  sucker,  or  at  anterior  marpn. 
I  Cirrus  sac  small,  rarely  extending  beyond  fork  of  intestine.  Vitellaria 
extracecal  from  fork  of  intestine  to  posterior  end,  not  continuous  with 
I  oppoate  side.  Reproductive  glands  in  posterior  region  in  arch  of  intestine 
at  comers  uf  triangle.  Ovary  smaller  than  testes,  on  side  opposite  them. 
Uterine  coils  do  not  extend  laterad  beyond  the  intestinal  branches.  Eggs 
thick-shelled,  large. 

Tbe  nwdes  designated   by  Leidy   as   "probably   Manaslama   mtilabit« 
Zeder"  belongs  here  if  his  determination  be  accepted.     It  was  collected 
from  the  gray  snipe  {GaUinaga  wiliimi). 
-^^  Fte.  664.    Cydoctdum  MKMti'k.     X  ].    (After  Koasack.) 

41  (40)     Intestinal  crura  end  blindly  at  posterior  end.    Testes  symmetrical,  in 

posterior  region,  outside  of  crura.     Ovary  intercecal,  between 
testes.     .   .    .     Family  Notocotylidae  Lithe  igog  .    .     43 

Small  monoitomes  with  elongated  fiattened  body  tapering  and  rounded  at  both  ends.  On 
ventral  surface  several  (j  to  5)  rows  of  small  excrescences  or  papillae  with  umcellular  dermal 
glands.    Esophagus  short,  no  pharynx;  intestinal  ceca  simple,  long,  not  united  in  posterior 
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ngioii'  Genital  pore  median,  not  far  from  oial  sucUer.  Cicnu  sac  elongate  endoaing  only  ^ait 
of  the  convoluted  seminal  vesicle.  Testes  ^rnunetrical,  near  posterior  end,  outside  intestinal 
crura.  Ovary  between  testes.  Vitellaria  Uteral,  anterior  to  testes.  Uterine  coils  behind 
cirrus  sac,  transverse,  regular,  not  extending  outside  intestinal  crura.  Eggs  with  long  GIs- 
ments  at  both  pi^. 

41  (43)     With  conspicuous  longitudinal  rows  of  papillae  on  ventral  surface. , 
Metraterm  barely  half  as  long  as  dims  sac 

Notocotylus  Diesing  1839. 

Body  sttenuatEd  in  front,  broadly  rounded  behind.  Ventral  lorface 
with  three  rows  (in  JV.  quinquaeriaiii  with  live  rows]  of  fdandular 
masses  which  open  into  protrusible  grooves. 

European  spedes  reported  from  cecum  of  water  birds. 

Representative  American  species. 

Notocotylus  quinqueserialis  Barker  and  Latighlin  1911. 
In  North  America  oiw   species;   In   the  cecum  of   the  muskrat. 


43  (41)    Ventral  rows  of  papillae  poorly  developed.     Metratenn  about  equal 

in  length  to  cirrus  sac Calalropis  Odhner  1905. 

Body  tapering  only  slightly,  about  equally  rounded  at  both  ends.     Ven- 

_i  _..j -..i.  .L c 1_,  developed  gland  raises;    the  mkkUe 

.  le  lateral  rows  contain  each  eight  to 
ile  prominences.     Metratenn  well  de- 
veloped, as  long  as  dcrus  sac. 

European  spedes  in  cecum  and  rectum  of  water  birds. 

Representative  American  species. 

Calairopis  fiiamentis  Baiker  1915. 
Only  North  American  spedes;  in  the  duodenum  of  the  musluat. 
Fio.  666.    CHaliapiifilamaila.    VenCml  view.    Magnified.     (After  Baits.) 

Nudaalylt  Mnida,  very  recently  described  by  Bsiker  from  the  muskrat,  it 

ilaced  in  this  family  despite  some  striking  morphological  diSerences.     Ilie 
i  small  (0.7  to  0.9  mm.  long  by  o.s  to  0.65  mm.  wide),  thick-bodied, 

itliout  ventral  glands.     The  genital  pore  is  lateral  and  well  behind  the 

middle  of  the  body,  being  thus  far  removed  from  the  intestinal  bifurcation. 
The  heavy  tyrifonndrrus  pouch  encloses  part  of  the  convoluted  seminal 
vesidc.  Wtellaria  in  compact  masses  lie  eitmcecal  and  just  behind  the 
middle  of  the  body.  Transverse  uterine  coils  extend  ova  the  intestinal 
crura  nearly  to  the  lateral  margins  of  the  body;  thev  fill  the  anterior  half 
and  are  Umiled  posteriorly  by  the  drrus  pouch  and  vitellaria.  The  eggs 
measure  10  to  3411  by  10  to  ij(i  and  have  long  heavy  polar  filaments. 
Parasitic  in  intestine  of  muskrat;  Minnesota. 

44  (39)    Body  compressed,  broader  than  long.     Parasitic  in  p^rs  in  dermal 

cysts Family  Collyhiclidae  Ward. 

Small  to  rooderate  sized  monostomes  with  thick  but  not  muscular  body,  smooth  skin;  oral 
sucker  and  cJutrynx  present;  ceca  long,  capacious,  not  united.  GenitaE  pore  ventral  near 
center  of  boay;  vitellaria  folUcular,  scanty,  antero-lateral.  Ovaiy  much  lobed,  asymmetrical. 
Testes  oval,  symmetrical  behind  ovary.  Uterus  in  irregular  coils  showing  a  tendency  to  antero- 
posterior direction.  Terminal  region  of  uterus  enlarged. 
Parasitk  m  decmal  cysts  on  abdominal  surbce.    Usually  two  b  eadi  c^st.    In  Urds. 

Only  American  genus CoUyric/um  Kossack  1911. 

Submodetate  wxA  tiematodes  with    dorsall^  arched  and  ventrslly  flattened  bodv.    Oral 
sucker  weak,  pharynx  small,  intestinal  crura  simple,  very  broad.    Genitai  pore  median,  just 
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>f  uterus  [rregular,  mi^y  lateral 

Representative  American  species CoUyridum  a^  Ward. 

The  nngle  European  species,  formerly  known  as  Mantdenui 
faba,  was  reported  for  North  America  as  the  cause  of  an 
epidemic  among  sparrows  at  Madison,  Wiscon^.  The  life 
history  19  unknown;  the  supposition  that  avian  insect  para- 
It  attacks  only  ^oung  sparrows  and  infected  birds  are  found 
only  during  or  just  after  a  wet  period  (Cole), 

The  parasite  has  been  found  again  in  Boston.  Mass.  These 
q>edmens  differ  clearly  from  the  European  form  in  numeraus 
minor  details,  such  a9  ovary,  yolk  glands,  dermal  spines,  etc, 
and  demand  recognition  aa  a  distinct  species  under  the  name 

Fig.  667.    Ctllyridmm  atUi.     X  9.    Detail  oi  iurlux.     X  loy 
(Origirud.) 

45  (38)     With  elongate  tubular  testes  and  viteltaria. 

Family  Heroniuidas  Ward  .    .     46 
Moderate  sised  monostomes  with  thick,  elongate,  soft  body  somewhat  flattened,  tapering 
both  towards  pointed  anterior  and  bluntly  rounded  posterior  end.     Skin  smooth.     Oral  sucker 
weak,  phaiyni  large,  esophagus  short,  ceca  simple,  extending  to  but  not  united  at  posterior 
end.     ViteUaria  compact,  tubular,  shaped  like  inverted  V.     Uterus  in  lour  longitudinal  re- 
gions.    Genital  pore  ventral  to  oral  sucker  near  anterior  tip.     Testes  tubular,  lobed  or  with 
short  branches,  united  into  V-shapcd  organ  with  apci  antcriad.     Copulatory  apparatus  poorly 
developed. 
Lungs  of  rei)tiles.    Northern  North  America. 
Two  genera  imperfectly  known  which  may  prove  to  belong  in  a  single  genus. 

46  (47)     ViteUaria   extend  only  half    way    from    ovary,    to    posterior   end. 

Seminal  receptacle  present.    .    .   fferonintMi  MacCallum  igoi. 

Oral  sucker  small,  pharynx  large,  no  esophagus,  simple  Ir 

crura  which  reach  the  j"""' — ' "*  ^"'  "* '  -.-!--      j-»-- 

or  bean-shaped,  lateral 

present  but  no  Laurer's 

section  of  uterus  sacculate.     ViteUaria  small,  elongate,  not  follicular, 

tubular  (?).     Genital  pore  ventral  to  oral  sucker.     Testes  Y-shaped 

with  coarse  lobes,   in  median  third  o(  body,  with  median  stem 

directed  anteiiad. 


Only  species  known. 

Heronimus  chdydrae  MacCallum  1901. 

napping  turtle  (CMydra  ser- 


(Altec  t>[BcCaIliiTn.) 
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47  (46)    Vitdlaria  extend  from  ovary  to  posterior  end  of  body.    Seminal 

receptacle  absent.    .    ,    .    AorchU  Barker  and  Parsons  1914, 

Oral  aucker  small,  weak,  phaiynx  targe,  esopliagus  short, 
intesUnal  ceca.  long,  not  united  al  poalerior  end.  Ovary  entire, 
just  behind  iork  of  inteatine.  Vitdlaria  compact,  tubular, 
coarsely  lobed  or  with  short  irregular  brsnches  eitending  almost 
entire  length  of  body.  Two  divisions  of  uterus  looped  or  coiled 
around  intestinal  ceca.  Other  two  divisions  straighl  loogitudi- 
nal  tubes.  Terminal  division  conspicuous,  heavy,  dark  band 
through  leoRh  ol  the  boi^  in  the  median  ^aae.  Testes 
elonfiate.  tubular,  irrwilaru'  h>bed.  Genital  pore  ventral, 
near  anterior  tip  ol  body.     EgEl  with  abort  pdar  stalk  at  one 

Type  apedes. 

Aorchis  exUnsia  Barker  and  Parsons  1914, 

Lungs  of  Ckryiemyi  MatpKata,  Misdsaippi  River  (Minnesota) 
and  alai,  in  various  turtles  from  Michigan,  Intfiaoa,  IIHncis, 
Nebraska. 

Fui.  669.  AoTcUi « 
in  drawing.  X  8.  a,  E 
X II.    COiigiiulO 

48  (37)    Ventral  sucker  present,  usually  single  though  varied  in  form  and 

position;  never  represented  by  numerous  small  organs  in 
series 49 

The  acetabulum  or  ventral  su^er  proper  is  a  closed  organ,  not  possening  any  inner  opening 
or  conrwctkif  with  an^  spedal  organ  or  ^stem.  It  may  be  so  Insignificant  in  size  as  (o  be 
difficult  to  distinguish,  in  which  case  tbe  lonn  is  erroneously  diagnosed  as  a  monoatome  as  haa 
often  occurred.  On  the  other  band  it  may  be  as  wide  aa  the  body  ot  wider  and  so  powerful 
as  to  distort  the  form  of  the  animal.     It  may  be  sessile  or  be  borne  on  a  stalk  or  peduncle. 

In  some  spedes  a  qiecial  secondary  sucking  organ  is  devek^ied  around  the  genital  orifice 
and  this  may  even  become  so  highly  differentiated  as  to  exceed  m  size  or  include  the  true  ven- 
tral sucker.  Those  forms  which  possess  this  highly  developed  adhesive  organ  ordinarily  have 
the  body  divided  into  two  distinct  regions. 

In  kx^tion  the  acetabulum  is  near  the  posterior  end  In  the  group  of  amphistomes  and  at  or 
anterior  to  the  center  of  the  body  in  tbe  distiHnes  and  hohntomes.  The  latter  are  readily 
recogniied  hy  the  peculiar  adhesive  organ  and  the  separate  n^IODt  of  the  body  even  though 
the  details  of  form  are  very  variable  in  different  genera. 

49  (6a)     Acetabulum  terminal  or  subterminal  and  posterior  to  the  repro- 

ductive glands Suborder  Anqihistomata  Nit^cb. 

Endopansitic  trematodea  with  oral  opening  anterior  and  terminal.  Oral  sucker  powerful, 
oval  or  more  elongate,  often  with  Iwo  dorsolateral  muscular  pockets.  Acetabulum  conspicu- 
ous, much  larger  than  oral  Sucker,  at  or  very  near  ppaterior  end.  Body  muscular,  thick,  little 
flattened  attd  often  conical,  tapering  anterud.  Skin  without  spines  but  re^larly  provided 
with  senso^  or  glandular  papllae.  Excretory  bladder  saccutate.  with  median  ventral  pore 
near  postenor  end.  Genital  pore  ventral,  mnlian,  in  anterior  region.  Testes  large  anterior 
to  small  ovary.  Vitdlaria  follicular,  lateral,  paired.  Uterus  simple,  mth  few  colls.  Eggs 
numerous,  small,  plain.  Development  complex  with  alternation  of  generations  and  hosts. 
Only  family  recognized. 

Faraufhistouidae  Fiscfaoeder  1901  .   .     $0 


so  (61)    Oral  sucker  terminal;  acetabulum  simple,  not  divided 51 

51  (53)    No  postero-lateral  pockets  on  pharynx. 

Subfamily  Pasaufhistohinae  I^^schoeder  iqor. 

None  of  these  forms  is  paramtic  as  adults  in  aquatic  animals.    One  spedes  occurs  in  dinno- 

tic  ruminants  in  North  America.    Hie  redia  and  cc       '    '      '      ' 

b  knowD  of  tbe  related  E 
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53  (51)     PostMY>-Iateral  pockets  present  od  pharynx.    . 


53  (S*S)     Testes  two,  more  or  less  deeply  lobed. 

Subfamily  Ciadokchuhae  Fischoeder  1901  .   .     54 

Amptustomes  with  more  01  leas  strong^  Battened  body,  and  with  ■celabulum  uaiuUly  con- 
■nicuously  ventral,  rarely  only  tenninal.  Testes  branching  or  lubed.  Citrus  uc  incom- 
plete or  nearly  wanting. 

In  this aublamily  belongs  pcHsbly  the  "AMP*ufiMMfra]wfeDiesing"o[  Lddy  from  the  tem- 

e  which  does  not  seem  to  conform  to  the  ^ledes  deaignBted.    The  description  is  inadequate 
a  final  diagnosis. 

54  (SS)     Pharyngeal  pockeU  small,  not  affecting  external  boundary  of  oral 

sucker Stichorckis  Fischoeder  1901, 

Body  noticnbiy  attenuated  anterioily,  broadly  rounded  posteri- 
orly. Margins  rounded,  dorsal  suri ace  high,  arched,  ventral  flattened. 
Acetabulum  ventral.  Pharyni  laciting;  crara  not  much  sQwrated 
from  lateral  margins.  Cirrus  sac  small,  genital  sucker  not  consfHCU- 
ous.  Vilellaiia  well  developed,  mostly  behind  testes  and  median 
to  crura,  as  welt  as  partly  dorsal  and  ventral  to  same. 


:  subtriquetnu  (Rudolphi)  1814. 


55  (54)     Pbaiyngeal  pockets  large,  conspicuous,  modifying  greatly  outline  of 
oral  sucker Wardius  Barker  and  East  1915. 

Moderate  siied  amphistomes  with  pTomineDt  pharyngeal  pockets,  and 
large  subCerminal  auclier.  Esophagus  well  developed,  without  differ- 
entiated regions;  crura  long  and  wavy.  Testes  slightly  lobed,  tandem, 
in  center  ul  body.  Ovary  median,  behind  testes  near  posterior  sucker. 
Genital  pore  posterior  to  bifurcation  of  intestine.  Vitellaiia  extend  out- 
ade  crura  from  oral  to  posterior  sucker. 


Fid.  671.    Wvdtai  lihcOaau. 


56  (S3)    One  or  two  testes,  spberical S7 
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57  (58)     VitelUria  consbt  of  few  large  follicles  or  fonn  paired  compact  organ. 

No  dmis  sac.  .   .     Subfamily  DiPi^oisciNAe  Cobn  1904. 

Moderate  siied  >n]pU3t0fnM  trith  ODnica]  body,  round  in  Uanssection,  attenuated  >nte- 

tkaly.    Terminal  sucker  very  large.    Intestinal  cnira  extend  to  terminal  sucker,  relatively 

broad.      Vitellaria  a  few  large  (ollicles  on  each  side  which  may  be 

condensed  into  a  more  or  less  compact  but  lobed  organ. 

Only  North  AmericaD  genus. 

Dipiodiscus  Diesing  1836. 

Two  testes  confluent  In  idier  qiedmens.    Genital  pore  ni 


ipniing.    Esophagus  Ions,  pbarynx-like  enlargement  at  bifurcation 
i[  intestine,  not  sharply  marked  off.    Excretory  vessels  looped  into 
above  and  some  bdow  intestine. 

Only  North  American  species. 

Diplodiscus  lemperatus  Stafford  1905. 


S^  (S7)    Vitellaria  consist  of  small  scattered  lateral  follicles.    Cirrus  sac 
present.   .  .  .  Subfamily  Schizauphistoiiinae  Looss  191a. 
Representative  North  American  genus. 

AUassostoma  Stunkard  1916  .    .     59 
Large  oral  invaginations  open  independently  into  oral  sucker;  no  preoral  sphincter;  esoph- 
ageal bulb  composed  of '  concentrii:  muscle  lamellae.    Hennaphroditic  duct  present.    GenD 


59  (60)    Large  worm  (over  10  nun.  long)  with  small  suckers. 
AUassosloma  magnum  Stunkard  1916. 

Length  10  to  i>  mm.,  breadth  3  to  5  nun.,  thickness  i.j  to  i  mm. 
Living  worm  clear,  alow-moving,  capable  of  great  extension.  Acetabu- 
I am  sub-tenninal,  ovoid,  wider  anteriad,  i  to  a.j  mm.  long  by  3  mm.  wide. 
Oral  sucker  terminai,  o.g  to  1.3s  mm.  long  by  0.6  to  o.g  mm,  wide;  oral 
pockets  vise  at  posterior  end  of  oral  sucker  by  separate  lateral  openings 
and  extend  dorsad  and  caudad. 

Testes  oval,  ai7  to  0.3s  by  0.4s  to  o.g  mm.,  long  axis  transverse, 
located  near  center  of  body  and  shghtly  obUque.  Ovary  median,  spheri- 
cal or  o\^.  o.iS  to  o.js  by  0,33  to  0.57  nun.  in  diameter.  Vitelline 
follicles  smalt,  sparse,  anteriorly  exliacecal,  but  posteriorly  also  intracecal. 
No  receptacuium  seminis  and  ar:  vitelline  reservoir.    Eggs  o.r  by  e.ij 

In  intestine  of  Pieitdemys;   lUintna,  Missouri. 
FiO.  e7l,     AOassmlemii  matins-     Ventrel  view.    X  1.    (After  Stunkard) 

60  (59)    Small  worm  (length  about  j  mm,  or  less)  with  large  suckers. 

AUassosloma  parvum  Stunkard  1916. 
From  Ckcl)dra  terpeiitiin,  tJrbana,  lU. 
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61  (50)    Oral  sucker,  subtenninal;  acetabulum  divided  by  transverse  ridge 
into  two  pockets.  .   .   .    Subfamily  Zvgocotylinae  Ward, 


Representative  American  genus. 

Zygocolyle  Stunkard  1916. 

ending  donad   and 


a]  projection.  Posterior  end  ofesopnagus  sumiimded 
sa  bulb  in  wtuch  fibers  are  not  uruiged  in  concentric 
9  in  other  ampbiitomes.    Vitellaria  wdl  developed,  with 


by  niuflculaj  bulb  ii 

lamellAe  aa  in  other 

Uige  follicles,  in  enncecU  r^ion  [rom  oral  lucker  to  w^abuluin. 

Utcnis  and  genn  glands  intiaceol.      Eggs  Dumerous,  0.14  by 

0.083  mm. 

Type  species.     .    .    Zygcco/yfeceritftua  Stunkard  1916. 

From  inteatine  <A  Amu  pLttyrkyHekBi;  Nehraska. 
Ftc.  674.    Zyttcotylt  ctralast.    Ventnl  vkw.     X  s.     CAIla  Stuskuit.) 


61  (49)  Acetabulum  con^icuously  ventral  and  usually  anterior  to  center  of 
body.  Reproductive  organs  completely  or  largely  posterior 
to  acetabulum 63 

63  {160)     No  holdfast  organs  present  except  oral  and  ventral  suckers.    No 

sharp   separation   between  anterior   region  with    holdfast 
organs  and  posterior  region  with  genital  organs. 

Suborder  Distomata  .    .     64 

64  (159)    Hermaphroditic  distomes 65 

65  (148)     Ovary  anterior  to  testes 66 

66  (107)     Coils  of  uterus  do  not  extend  posterior  beyond  testes,  oral  most  not 

beyond  the  posterior  testis 67 

Bunodera  (see  103  in  this  key)  forms  the  single  exception. 

67  (106)     Acetabulum  a  single  typical  sucker  which  may  be  stalked  or  united 

with  special  genital  sucker  but  is  not  divided 68 

68  (105)    Not  more  than  two  testes  present 69 

69  (74)     Both  ovary  and  testes  dendritic;    uterus  limited  to  a  restricted 
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70(73)    Laige  flattened  distomes;  ovary  and  testes  both  highly  branched; 
uterus  median,  a  short  series  of  transverse  coils. 

Family  Fasciolidae  Railliet  1895. 

Large  diMtHnes  with  muscular,  more  or  lera  broad  and  flattened  leaf-shaped  body.  Ventral 
wicker  powecful,  dose  to  anterior  end.  Intestinal  crura  eitcnd  to  posteror  end.  Excretory 
bladder  tubular,  extends  anteriad  beyond  testes.  Genilal  pore  median,  at  anterior  margin 
of  acetabulum.  Cimis  and  dmis  sac  well  developed.  Ovaiy  lateral,  in  front  of  acetabulum, 
testes  lymmetrical,  postacetabuloi.  Vitellaria  extensive,  reaching  posterior  end.  Uterus 
short,  in  condensed  coil,  entirely  preovarian.  Egra  very  large,  thin  shelled,  in  moderate  num- 
bers.   Development  with  alternation  oi  hosts  and  geoerations. 

Parasites  in  intestine  and  gall  ducts  of  Mammalia. 
Reported  in  North  America. 

Subfamily  Fasciounae  Stiles  and  Hassall  1898  .         71 

I  (71)    Anterior  tip  distinctly  set  oS  from  mun  body;  vitellaria  both  dorsal 
and  ventral  of  intestinal  branches.    Fasdola  Linnaeus  1758. 

Very  large  distomes  with  leaf-shaped  body  having  so-called  "  cephalic 
cone"  set  oS  at  anterior  end,  and  pointed  posterior  end.  Skin  spuious. 
Acetabulum  large,  at  junction  of  cepJialic  cone  and  main  body.  Eiophagus 
short,  with  pharynx  and  prephaiyni.  Intestinal  crura  near  metUao  Une, 
extend  to  posterior  end,  provided  on  mesial  aspect  with  short  branches 
and  OD  outer  side  with  long  branches  which  again  may  be  branched. 
Uterus  in  front  ol  acetabulum,  fonniog  a  rosette.  Vitellaria  richly  de- 
veloped in  lateral  area,  and  in  posterior  re^on  also  on  both  surfaces  of  body. 

In  the  gall  passages  of  herbivores,  very  rarely  in  man. 

Type  species.     .    .    .     Fatciola  kepatica  Linnaeus  r7s8. 

An  introduced  spedes  (F.  hepatiea)  common  in  sheep  and  cattle  in 

limited  regions;   Long  Island,  N.  Y.,  introduced  from  Texas,  Gulf  States, 

California.    The  North  American  intermediate  host  is  Dot  knowit.    SUlei 

suspects  Limttaia  luimilii  Say. 

Flo.  67].     FucfpJa  itafotfea.     X  3.    (Oifgiu].) 


Type  species FascuAotdes  magna  (Bassi)  1875. 


In  liver  and  lungs  of  North  American  herbivores  both  do- 
mesticand  wild;  usually  included  In  former  genus.  On  the 
advice  of  Odhnei  a  new  genus  is  made  for  the  North  American 
form.  First  discovered  in  a  European  uxilogical  garden  para- 
sitic in  the  wapiti,  it  is  known  to  occur  in  many  hosts  and  to 
be  widely  distributed  from  Maine  to  California,  It  is  espe- 
cially abundant  in  parts  of  the  South.  Egg  and  embryo  are 
said  by  Stiles  to  osree  with  those  of  the  last  species, 

rutaand  branchts 
,    (Original.) 

Another  genus,  FaidelopsU,  common  as  a  parasite  of  man 
in  some  parts  of  the  East,  has  been  reported  in  North  America 
a  few  times  as  a  human  parasite.  Apparently  all  these  cases 
have  been  imported  and  the  para^te  has  not  so  for  as  known 
gaJnedafoothoWon  this  CI      ' 
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73  (70)    Disttnnes  moderate  in  size,  thick  bodied;   ovary  and  testes  lobed 

or  coarsely  branched;  uterine  coil  chiefly  lateral  to  acetab- 
ulum  Family  Troglotrehatidae  Odhner  1914. 

DistMues  of  imsll  to  moderate  we  with  compreaud  body.  Skin  with  stanxs  io  group*. 
Ventral  suriace  Sat,  dorsal  aithed.  Musculatuie  and  suckers  poorly  developed.  Inlestiaal 
[Tura  do  not  reach  posterior  end,  EicTetoiy  bladder  Y-ahaped,  or  tubular.  Genital  pi>re 
close  to  acetabulum.  Cirrus  sac  lacking.  Testes  symmetrinl,  postacetabular.  Ovsrv 
deitral,  immediately  in  irant  of  testes,  lobed  or  branched.  Laurer's  canal  present.  Vitei- 
laria  very  extensive,  covering  dorsal  surface  save  for  narrow  median  strip.  Uterus  long,  in 
open  loops,  or  shorter  in  tight  coilj  eggs  in  lirst  case  small,  in  second  moderately  large. 

Parastes  of  birds  and  carnivores,  living  usually  by  pairs  in  cyit-like  cavities. 

The  monottome.  CoUyridim  caM|(p.  3&4),  is  regarded  by  Odhner  as  properly  a  member  of 
this  family. 

Only  American  genus. Paragommus  M.  Braun  1S99. 

Body  opaque,  thick,  aeaiiy  rounded  in  cross  *ect»n.  Skin 
with  spines.  Fhaiyni  almost  spherical,  crura  wavy  with  irregular 
walls.  Testes  lobed,  symmetrical,  in  hindbody.  Ovary  lobed, 
lateral,  pretesticular,  and  postacetabular,  VileUaria  extend  en- 
tire loigtb  uf  body,  lateral  and  dorsal.  'Laurer's  canal  and 
rudimentary  receptaculum  present.  Uterus  in  coil,  postacetabu- 
lar, opposite  ovary.  Eggs  large,  thin-shelled,  laid  before  cleav- 
age begins. 

EniTSted,  in  pairs  usually,  in  lungs  of  '"»'""'"  l« 

Single  American  species. 

PeiragonimtiS  keUicotii  Ward  190S. 
Fanatic  in  dog,  cat,  and  pig.  Ohio,  Illinois,  WLsconsiQ, 
Minnesota,  Kentucky.  Confused  in  records  with  the  human 
lung  fluke  (P.  viesttrMaHii  Kerbert)  which  has  been  positively 
determirted  in  Noith  America  ofily  in  a  few  human  cases,  all  <» 
which  are  probably  imported  from  Asia. 

F10.  £77.  Parafimimia  iMcoOi.  Total  prepantioD.ventnliuiface. 
The  viielUria  ue  irprEseated  on  the  left  side  and  omitted  db  the  gtber 
side  in  order  to  show  ovary,  testis,  vilelUne  ducts  and  intatiDe  DormaUy 
obscuTPl  by  them.  X  j8.  fl.  egg  from  same  ipedraen.  X  ijo. 
(After  Ward  and  Hinch.) 

74  (6g)     Ovaiy  and  testes  entire  or  lobed  but  not  dendritic 75 

75  (81)    Oral  sucker  surrounded  by  a  reniform  collar  open  ventrally  and 

bearing  a  scries  of  strong  spines. 

Family  Echinostohidae  Looss  1Q02  .    .     76 

Elongate  distomes,  very  variable  in  size.  Acetabulum  powerful,  dose  to  anterior  end. 
Oral  sucker  small,  weak  or  degenerate;  anterior  end  surrounded  laterally  and  dorsally  by 
skin  fold  or  "collar"  vhich  carries  large  spines  ("spikes")  deBnite  in  number  and  arrange- 
ment. "Corner  ^incs"  on  ventro-median  lobe  usually  diHer  from  others,  i.e.,  "marginal 
spines."  Skin  in  anterior  re^on  at  least  richly  provided  with  fine  dermal  s[Mnes.  Phaiynx 
and  esophagus  present;  intestinal  crura  extend  almost  to  posterior  tip.  Excretory  bladder 
Y-shaped  with  numerous  lateral  branches.  Genital  pore  median,  near  acetabulum  or  between 
it  and  fork  of  intestine.  Cirrus  and  cirrus  sac  well  developed.  Germ  glands  postacetabular, 
usually  median;  ovary  pretesticular,  sometimes  lateral.  Vitellaria  lateral,  well  developed, 
reaching  posterior  end.  Uterus  between  ovary  and  acetabulum,  with  scanty  lateral  loopa, 
or  none.  Laurer's  canal  present,  receptaculum  soninis  absent.  Eg^  large,  thin  shelled,  not 
numerous.     Development    with   altematioD   of   hosts   and   generations.    For   characteristic 

Parasites  of  intestine,  rarely  of  gall  ducts,  in  mammab  and  birds. 

76  (81)    With  well-developed  oral  sucker.     Parasitic  in  intestine.      ,    ,    .     77 

77  (80)     Anterior  region  not  enlarged.     Spines  in  a  double  row 78 
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?S  (79)  '  Utonis  long  and  much  coiled Eckinostoma 

Ecbinostomcs  of  mcxlerate  aiie  with  elongale  body.  Collsi  with  double  unbroken  row  of 
ipiDcs.  Oral  uid  veatra]  suckers  close  togetber.  Cirrus  sac  reaches  oidioarily  center  <){ 
uetabahun.  Cirrus  long,  cot  qiinous,  when  contracted  it  lies  la  coil.  Vcsicula  sem^uln 
twisted,  not  bipartite.  Pars  prostatica  preseaC.  Vitellaria  laleral,  posttesticuLar,  extending 
in  places  lovrards  median  line.     Uterus  long,  much  coiled.     Eggs  large. 

A  miied  group  of  unplaced  and  unrelated  species,  many  of  which  are  not  well  enough  known 
to  delermine  tbeii.  true  place  in  the  family.  Several  uncertain  North  American  ^jedei  are 
reported  under  this  genetic  name  from  cliickens  (Hassall),  and  muskrat  (Lddy).  Siuue  forms 
from  the  muskrat  aie  more  perfectly  described  by  Barker  tt  aiii. 

79  (78)     Uterus  short,  coils  few,  open.    .    .    .    Echinopharypkium  Dietz  1909. 
Stnail  echinostomes,  slender.    Much  like  last  genus  eicept  in  absence  of  pais  prastatica. 

Cirrus  sac  long,  olten  extending  dorsad,  or  posteriad  to  center  of  acet^iiilum.    Uterus  abort; 
^gi  not  numerous,  large. 

The  pladng  of  Distonum  ieium  Linton  from  the  black  scoter  (Yellowstone  Lake)  in  this 
genus  is  probably  correct.  Aitother  species  has  been  repon«d  by  Barker  and  Bastion  frotn  the 
muskrat. 

80  (77)    Spines  in  a  ^ngle  row.     Subfamily  Echinochasuinae  Odhner  igio. 
Sisnes  m  a  nn^  row  interrupted  at  the  mid-dorsal  line,  with  10  to  36 

res  orJy.     Cirrus  sac  when  present  pyriform.  not  projecting  behind 
center  o(  the  acetabulum,    Veslcula  seminaUs  not  ctdled,  distinctly 

bipartite. 
Several  genera  common  in  Europe. 

Only  genus  yet  recorded  from  North  America. 

Slephonoprora  Odhner  190a. 

Small,  dongate  echinostomei.  Cirrus  sac  well  developed,  drrus  short 
but  muscular,  often  apparently  entirely  preacetabular.  Testes  median, 
dose  together,  in  posterior  half  of  body.  Vitellaria  lateral,  never  pre- 
acetabu^i  often  nearly  confluent  along  median  line.  Uterus  not  long; 
eggs  of  moderate  size. 

Representative  American  qiedes. 

Stephanoprora  gUberU  Ward. 

the  loon  (Goria  imber)  and  frcnn 
ir  Aim  Arlwr,  Michigan,  ^bably 


^t>abl; 


Fio.  6;S.    Sltfiaiupnntl'^inl.     X  7e 


81  (76)    Oral  sudter  degenerate.    Parasitic  in  gall  ducts. 

Pegosomum  Rfttz  1903. 
'  EchinoMomes  of  modentte  rice  witli  lance-sbaped  muscular  body.  Collar  poorly  developed, 
mth  single  row  of  blunt  sjanei.  Skin  vinous.  Oral  sucker  entirety  degenerate.  Phaiynx 
present.  Fork  of  intestine  not  near  acetabulum  wliich  is  powerful  and  near  center  of  body. 
Cirrus  sac  large,  mostly  prcacetabular.  Testes  median,  m  posterior  iialf  of  body.  Ovary 
dextral.  postacetabular  and  pretesticular.  Vitellaria  from  pharynx  to  posterior  end,  confluent 
in  median  line,  only  in  front  of  genital  pore.     Uterus  short.     Eggs  large,  not  numerous. 

In  gall  ducts  of  Atdeidae.    Only  one  spedes  reported  from  North  America  as  Distamum 
asperum  Wright  from  Ardea  minor. 


a  {75}    Oral  sucker  without  aillar  and  spines. 


83 


A  condition  not  represented  in  the  key  is  found  in  the  Acjwthochasuhiab  where  the  large 
funnel-shaped  oral  sucker  opens  at  the  anterior  tip  and  is  surrounded  by  a  crown  of  promi- 
nent vines.  AcaitlMochainHa  camarimN  (Cobbold)  was  taken  from  the  alimentary  canal  of 
an  AUitater  misiiiiipienaii  that  died  in  England.    According  to  Odhner  CrypUg^mus  and 


83  {94)    Genital  glands  median  in  linear  series  in  posterior  region  of  body.    84 
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84  (gi)    Uterus  between  ovary  and  acetabulum,  possessing  an  ascending 

ramus  only.  Testes  ordinarily  bdiind  ovary  and  close  to 
it,  or  rarely  {Leucerutkrus)  near  acetabulum  and  sqtarated 
from  ovary  by  coils  of  uterus 85 

In  DenprUUs  hiipida,  a  peculiBr  diatome  found  in  Acipenier  in  Europe  and  reported  once 
bv  Slofford  in  the  lake  sliuttean  from  Cttnada  the  amngemait  of  the  gam  gluids  differs  from 
either  plan  Doted  in  the  key  Line  above.  Two  oval  testes  arc  median  in  posterior  end;  median 
ovary  lies  near  large  receptaimluni,  separated  troro  acetabulum  and  testes  by  about  equal 
distances  which  are  filled  by  uterine  coils.  Uterus  has  short  descending  ramus  which  exteids 
posteriad  from  ovarian  complex  to  anterior  testis,  and  long  ascending  ramus  from  this  point  to 
genital  pore  on  median  anterior  margin  of  acetabulum.  Vitellaria  are  eitracecal,  in  uterine 
region.  Ciims  sac  and  seminal  veside.  uearly  median  and  postacetabular,  are  both  well  de- 
veloped, but  rather  distinctly  separated.  The  relationship  of  the  genus  is  not  deal  thd  the 
Ammcan  record  needs  confirmation,  lience  this  form  is  not  included  in  the  key. 

85  (88)     Body  muscular;  cirrus  sac  present. 

Family  Azyghdae  Odhner  ion  .  .  86 
Inln.medlum  to  large  distomes.  More  or  less  elongate,  flattened,  with  thick,  muscular 
body.  Suckers  powerfully  developed.  Skin  smooth,  on  contraction  drawn  into  iircgular 
transvene  fold*.  No  p«phatynx.  Pharynx  poweriul,  esophagus  very  short,  intestinal  crura 
r^^  posterior  end,  Eicretory  bladder  V-shaped  with  very  long  branches  reaching  even  to 
anterior  end.  Genital  pore  median,  in  front  of  and  above  acetabulum;  genital  sinus  spacious. 
Uterus  with  ascending  limb  alone,  extending  direct  from  ovary  to  genital  pore  in  closely  laid 
transverse  loops.  Laurer's  canal  present;  receptaculum  seminis  wanting.  Vitellaria  follic- 
ular, lateral,  extracecal,  not  reaching  to  posterior  end.  Eggs  45  to  S5  |i  long,  with  cap;  when 
d^oaited  they  contain  each  a  ripe  embryo,  regularly  nonoliatBi. 
Stomach  parasites  of  fishes. 

86  (87)     Germ  glands  form  series  in  posterior  region;  ovary  anterior,  not  far 

separated  from  testes Atygia  Looss  1899. 

Distomes  of  moderate  size  or  larger,  with  sillily  flattened,  much  elongate.  Dearly  cylindri> 
cal  muscular  body,  rounded  at  both  ends  (Fig.  651).  Genital  pore  close  to  acetabulum.  Drms 
sac  present.  Seminal  vesicle  long  and  coiled.  Uterus  intercecal,  in  center  third  ol  body. 
Vitellaria  extend  at  least  between  acetabulum  and  posterior  testes.  Ovary  and  testes  behiiid 
middle  of  body.  Main  stem  o(  excretoiy  bladder  ^lits  behind  testes;  lateral  brandies  do  not 
unite  in  anterior  region.     Eggs  45  by  ii  h  with  thin  shell  and  albumen  covering. 

Atygia  a  a  powirlully  muscular  type  and  is  usually  much  distorted  in  the  process  of  preser- 
vation 3o  that  a  lot  of  spedmcni  taken  from  the  same  host  at  the  same  time  present  marked 
external  differences  in  the  preserved  condition.  Such  extreme  spedmens  have  been  the  basis 
(or  various  new  genera,  i.g.,  Megadiiltimum  of  Leidy  and  Stafford,  Mimodiitomum  of  Leidy 
and  Baisalliiis  of  Goldberger.     The  same  factor  has  ied  to  the  separation  of  too  many  as  spedes. 

Despite  manjr  records  of  its  occurrence  the  common  European  A .  lucti  l~  A,  lerilicoUe)  has 
not  been  found  m  North  America.  Several  spedes  peculiar  to  this  continent  occur  m  A  mia  caisa, 
Mkroplerus  salmaida  and  JafonKN,  Euix  lucius  and  rttktdatus,  AmUepliUt  mpatra,  Sdtt- 
tinus  odMoyciu^  Luciopaca,  Lola  lata,  Satmo  lebafB.     Maine,  St.  Lawrence,  Great  Lakes, 

87  (86)     Testes  just  behind  acetabulum,  separated  from  ovary  by  coils  of 

uterus Leucerutkrus  Marshall  and  Gilbert  1905. 

Anterior  end  rounded,  posterior  end  pointed.  Oral  sucker  ventral,  promi- 
nent, acetabulum  one-half  as  large.  Intestinal  crura  slender,  straight,  ex- 
tending nearly  to  posterior  end,  Eicretory  veside  forking  at  ovary.  Testes 
small,  postace^bular,  oblique  to  each  other.  Uterus  at  &st  confined  to  area 
between  intestmal  crura,  ovary  and  testes,  later  Elling  poateiior  three-fourths 
of  body.    Vitellaria  lateral,  in  posterior  half  of  body.     Laurer's  canal  present. 

One  spedes  known  {£.  nkrapteni  from  mouth  and  stomach  of  black  bass 
and  bowfin  in  Wiaconain  and  Indiana, 

Odhner  advocates  the  assodation  of  this  genus  with  Aiygia  from  which 
(t  differs  primarily  only  in  the  fact  that  the  testes  have  moved  from  their 
original  place  behind  the  ovary  and  have  been  drawn  anteriad  by  the 
shortening  of  the  sperm  ducts  to  a  location  a  Ultle  posterior  to  the  acetabu- 
lum. This  is  the  relation  they  hold  in  Hemiarui,  marine  distomes  descended 
from  tbe  A^^idae. 
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88  (85)    Body  flat,  thin,  transparent;  no  dmis  sac  present. 

Family  OpisTHOKCHnDAE  LUhe  1901   .    .     Sg 

EloDgate  Battened  tranmrent  dtatomes  with  weak  musculature.    Suckers  clow  togetber 

and  veiy  weak.     Intestinu  ciuia  rcadi  fully  or  neuly  to  posterior  end.     £icietory  bladder 

Y-ihap^  with  short  branches  and  long  stem.     Oenitai  poie  close  in  frout  of  acetabuTum.     No 

~ < Coikd  seminal  vesicle.     Cerm  glands  in  series  in  posterior  region,  ovary 


89  (90)  Neither  uterine  coils  nor  vitellaria  extend  anteriad  beyond 
acetabulum Opistkorchis  R.  Blaachard  1S95. 

Anterior  end  conical,  posterior  end  broader.  Main  stem  of  excretory  bladder  S-shaped, 
pauinc  between  testes,  anterior  forks  of  Y  short.     Vitellaria  in  group*. 

In  gall  ducts  of  mammals,  birds,  and  (?)  fishes.  Young  distomes  eiKysted  in  skin  and  con- 
nective tissues,  espedaily  subdermal  tissue  of  Eshes. 

Several  q>edes  ui  North  America;  best  known  O.  pseudofdiruas  Waid  1901  in  the  cat. 


90  (89)    Uterine  coils  and  vitellaria  both  in  part  anterior  to  acetabulum. 

Metorckis  Looss  1899, 

ly  tapenn 

„ . is  compact 

_._. margins.     Vitellaria  compact,  extcndinjf  anterior  to  acetabiilun.. 

A  single  American  species  M.  compltsus  (Stiles  and  Hassall)  from  the  liver  of  cat.  New 
York,  Maryland,  Distnct  of  Columbia.  Peculiar  in  eitent  and  arrangement  of  vitelhiria  and  in 
poution  n(  testes.  May  Deed  to  be  transferred  to  a  new  genus  when  its  atmcture  has  beai 
worked  out. 


Fio.  CSi.    ileltreltti  ctmtiaui.    Uagnified.    i 


er  SUki  and  Haiaall.} 


91  (84)     Ovary  anterior,  near  acetabulum,  separated  from  one  or  both  testes 
by  coils  of  ascending  and  descending  rami  of  uterus. 

Subfamily  Telorchiinae  Looss  1899.   .     93 

Sm^  to  middle  sued  distomes  with  slender,  elongate,  spinous,  somewhat  flattened  body. 
Anterior  region  very  mobile;  posterior  region  stable.  Acetabulum  small,  in  anterior  region. 
Pharynx  present,  esophagus  variable,  crura  long.  Testes  tandem,  both  in  posterior  end  or 
one  there  and  the  other  not  far  behind  ovary.  Laurer's  canal  and  receptaculum  semiois  pres- 
ent. Vitellaria  lateral,  ekingate,  outside  intestinal  crura.  Uterus  in  coils  or  loops  between 
ovary  and  testes  or  when  one  testis  is  near  ovary,  between  ovary  and  posterior  teatis.  Eggs 
numerous,  small. 

In  the  intestine  ol  reptiles. 
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g2  (93)    Genital  pore  anterior  to  and  near  acetabulum;  cirrus  sac  very  long 
extending  far  behind  acetabulum  to  round  ovary, 

TdoTckis  Liihe  i8gg. 

Small  to  middle  sized  distomeg.  Musculature  light;  hence  wonns  translucent.  Testes 
ckne  together,  near  posterior  end,  sepant«d  from  ovuy  which  lies  at  the  end  1^  the  cimis  sac 
uid  near  the  center  of  the  body,  by  a  mass  of  uterine  coils.  Excretory  vesicle  long,  median, 
«itends  antetiad  about  to  ovaiy  where  it  farms  two  lateral  branches. 

Spedes  distinguished  by  length  of  esophagus  and  direction  and  extensjon  of  uterine  coils. 
Cerarchis  LUhe  with  esophagus  and  havinx  uterine  coils  entirely  intercecal,  grades  into  Tdarcku 
s.  stT.  LUhe  (witliout  esophagus  and  with  uterus  coiled  beyond  ceca),  and  cannot  be  accepted 
as  a  valid  subgenus. 

Apparently  confined  to  reptiles;  six  or  more  species  in  North  America.  Kevisioa  of  genus 
by  Stunkard. 


FiQ.  eai.    Tchnliii  mtdius.    Vtatt.1  view.     X  j8.    (Alter  Stunkaid.) 

93  (91)     Genital  pore  dorso-lateral,  separated  by  marked  interval  from  ace- 
tabulum.    Cirrus  sac  entirely  preacelabular. 

Prolenes  Barker  and  Covey  1911. 
Two  spedes,  P.  I;^ui  Barker  and  Covey  and  P.  antuslai  (Stafford)  in  North  America. 
From  CIvyitmyi  mattitala  and  C.  pkla. 

94(83)    Ovary  lateral;  testes  either  median  or  slightly  lateral 95 

95  (96)    Ovary  separated  from  acetabulum  by  coils  of  uterus. 

Plagioporus  Stafford  1904. 

Small,  fusiform  distomes  with  acetabulum  larger  than  oral  sucker  and  anterior  to  middle 
of  length.  Skm  smooth.  Pharynx  and  esophagus  present;  crura  eitend  to  posterior  end. 
Testes  median,  close  together  in  center  of  poUacelabular  region.  Ovary  small,  lateral,  just 
hi  front  of  anterior  testis.  Uterus  from  ovaiy  to  acetabulum.  Genital  pore  lateral,  on  level 
of  iateatinal  bifurcation.  Cirrus  sac  lar^,  preacelabular,  obliquely  transverse.  Vitellaria 
lateral,  from  esophagus  to  posterior  end. 

Only  species  known Plagioporus  serotinus  Stafford  1904. 

Intestine  of  large-scaled  sucker  {Mexoslama  nacroUpidiituiH)  in  Canada. 

96  (95)    Ovary  close  to  acetabulum,  at  least  not  separated  from  it  by  c»ils  of 

uterus 97 

97  (104)    Testes  large,  in  posterior  region  of  body,  separated  from  ovary  by 

smalt  uterus  with  few  eggs;  or  when  ^gs  are  numerous, 
they  eitend  beyond  testes  into  posterior  end  (Bunodera 
only).  .    .     Fainily  AixootEADUDAE  Odhner  1910  .    .     98 

Distomes  of  smalt  to  moderate  siae;  body  attenuated  and  mobile  anteriorfy.  Suckers 
well  developed.  Pharynx  and  esophagus  present;  crura  long,  but  not  reaching  posterior  end. 
Genital  pore  near  acetabulum  or  not  more  than  halfway  to  oral  sucker,  median  or  slightly 
lateral.  Ovary  lateral,  behind  but  not  far  from  acetabulum.  Testes  large,  proximate,  in 
posterior  region  halfway  or  mote  from  acetabulum  to  posterior  end.    Vitellajria  lateral.     Eggs 

Parasites  of  fishes;   rarely  of  higher  vertebrates. 

98  (103)    Uterus  short  with  few  coils,  between  anterior  testb  and  acetab- 

Subfamily  Allocreadhnae  Odhner  1905   .    .     99 

Acetabulum  at  end  of  lirst  third  or  fourth  of  total  length.  Eicretiny  bladder  ^ngle,  un- 
divided, sac-shaped,  rarely  pyriform.  Genital  pore  preacetabular,  median  or  slightly  lateral- 
Cirrus  and  sac  large,  well  developed.  Testes  large,  proximate,  median  or  obhque  in  posterior 
region.  Ovary  ^hetical  or  lobed,  close  between  acetabulum  and  testes,  not  median.  Vitel- 
'    ta  lateral,  well  developed,  partly  covering  crura,  often  cuhSuent  behind  testis. 

r —  — j^  usually  large. 
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99  (loo)     Oral  sucker  smooth;  not  provided  with  muscular  papillae  around 
anterior  end Altocreadium  Looss  1900. 


itil  just  before  the  acetabulum.     Ei- 

___    _., It  posterior  margin  of  posterior  testta. 

ical»  lateraJ;  vitellaria  exduavely  ventral.     Cirrus  and  sac 


Ovi 


■aty  spheri. 


,    prostate  well  developed.     Gemtal  pore  mediaa        

without  filament,  large  (60  to  ga/t)  with  light  yellow  shell. 

Intestine  of  fresh-water  ishes. 

Several  ^tedes  (rom  stomach  and  intestine  of  sheepshead.  pumplfln- 
aeed,  aturgeon,  sucker,  dace,  minnow,  and  gail-bladder  of  red-finned  min- 
now. Collected  in  Great  Lakes  region.  Lolie  Erie,  Ontario;  Lake 
Sebago,  Maine.    Synopsis  of  gtaua  by  Wallin, 

Young  forms  of  A .  commune  Olason  encysted  in  Mayfly  Dymph 
{Blaslurui  cupidui  Say)  with  eggs  and  living  miraddia  in  body  cavity 
of  nympb  (Cooper). 

Representative  American  species. 

AUocreadium  lobatum  Wallin  1909. 

Length  4  to  7  mm.,  breadth  i  to  1.5  mm.  Suckers  equal,  o^6  to  0.5 
mm.  in  diameter.    No  prepbaryni;  phaiyni  0.34  to  0.3  mm.  long  by 

Testes  lobed;  dmis  sac  extends  to  center  of  aMIabuliun.  Ovary 
spherical:  vitellaria  postovarial,  profuse,  confluent  behind  posterior 
testis.  Receplaculum  targe,  pyriform.  between  ovary  and  anterior  lestb. 
Uterus  cnmpact,  between  anterior  testis  and  acetabulum.  Eggs  very 
numerous,  67  to  85  »  long  by  46  to  57  fi  broad. 


Fio.  68j.    AllBcreaJi 


idded  Imm  ilide. 


3  (99)     Six  oral  papillae  suiround 


loi  (toi)     Genital  pore  anterior  to  fork  of  intestine. 

Crepidoslomum  Braun  190a 


Bifurcation  of  intestine  just  anterior  to  acetabulum.  Excretory  bladdet 
elongate.  Cirrus  sac  muscular;  pore  anterior  to  fort  of  intestine;  teste* 
large,  round,  median,  halfway  from  acetabulum  to  posterior  end.  Vitel- 
laiu.  confluent  behind  testes.  Uterus  short,  with  few  eggs,  between  kce- 
tabulum,  ovary,  and  anterior  testis.    In  intestine  of  fresh-water  fishes. 

Several  species  not  adequately  described. 

Representative  American  species. 

Crepidoslomum  comutum  (Osbom)  1903. 

Probably  the  best  known  species  In  the  North  American  fauna  is  C. 
eornuluM  (Osbom)  from  the  stomach  and  pyloric  ceca  of  black  bass,  rock 
bass,  channel  cat,  perch,  sunfiah,  darter,  etc.  Immature  forms  encysted  in 
viscera  of  various  crayfish,  Ontario,  Canada.  The  worm  manifests  pre- 
cocious sexual  maturity  as  the  larger  cysts  contain  many  eggs  already  ex- 
tnided.  Very  young  forms  have  been  taken  from  Mayfly  nymphs  (Ueiofmia) 
by  Cooper. 


Flo.  G84-     Cttptdeste 


Digitized  byCoOgle 
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Body  uniform  in  width  or  slightly  cooBtricted  bebiod  oral  nicker  which  is 
DoCiceubly  larger  (0.315  mm.)  than  the  acetabulum  (0.175  mm.)  located 
about  at  center  of  body.  Ovary  posterior  and  dose  to  acetabuluni,  sUghtly 
lateral.  Vitellaria  ftom  pharynx  to  posterioi  end.  Uterus  tubular,  short, 
with  few  eggs.  Genital  pore  midway  from  acetabulum  Co  oni  sucker. 
Cimis  large,  with  broad  lumen  at  aaterior  end.     Cirrus  sac  reaching  to 


Representative  American  ^>ed«s. 

Acrohchama  petdosa  (Lander)  1993. 


"ThisutlwD.aiirJfiJaJiiiB  Wedl  of  LintoD  audit  is  upon  the  authority  of 

Loossthatlusetheobovespecificdemraistration"  (StaHord).  Thecomment 
of  Odhner  that  Act.  pelalaja  is  a  syoooym  of  Acr.  tinloni  appeara  to  be  in- 


aa;  type  HjedmcB.     X  39.     (CniwUiahcd  diawbc 
by  C.  H.  Lander.) 

103  C98)     Uterus  ventral  to  both  testes,  extending  nearly  to  extreme  posterior 
end Subfamily  Bunoderinaz  Looss  1901. 

Small  distomes,  with  eloogate  body,  and  smooth  skin.  ADterior 
region  small,  muides  moderately  developed.  Oral  sucker  with  drcle 
of  six  muscular  mammifonn  processes,  often  a  collar-like  expansion. 
Acetabulum  equal  to  or  larger  tban  oral  suckir.  Pharynx  and 
esophagus  present,  crura  long-  Genital  pore  between  ventral  and 
oral  suckeis.  Ovary  close  behind  acetabulum  and  lateral.  Testes 
obhque,  in  posterior  half  of  body.  Uterus  with  descending  and 
ascending  rami  in  sacculate  form,  ventral  to  testes  in  posterior 
region.  Laurer'scanaUndreceplaculmnseminis  present.  Vitellaria 
lateral,  well  developed,  extending  from  pharynx  to  caudal  end.    Eggs 

Type  genus.      Bunodera  Railliet  1896, 

Esophagus  long.  Eorebody  narrow.  Fork  of  intertine  somewhat 
anterior  lo  acetabulum.  Cirrus  sac  without  muscular  tissue  in  wall. 
Testes  oblique,  far  back  in  body.  Vitellaria  not  confluent,  not 
reat^lng  posterior  end.  Uterus  witb  descending  and  ascending 
rami,  greatly  enlarged,  not  coiled,  extending  to  posterior  end  and 
covering  testes  on  ventral  side  of  body. 

Recorded  in  North  America. 

Bunodera  luciopercae  (0.  F.  Mflller)  1776. 
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104  (97)  Testes  small,  in  center  of  body,  separated  from  ovary  by  dense 
uterine  coils  with  masses  of  eggs;  no  ^gs  posterior  to 
testes Auridislomum  St&Sord  1905. 

Elongate,  slishtly  constilcUd  tX  ccniei.  with  lateral  auricle  □□  eacb  aide  □! 
oral  suckn.  Slun  covered  with  &ne  scales.  Acetabulum  naaller  than  oral 
sudier,  located  in  center  oF  anterior  hali  of  body.  Phaiyni  present;  crura 
extend  to  posterior  end.  Excretory  vesicle  very  tons,  extending  nearly  to 
acetabulum,  dividing  into  short  lateral  bianchra  directed  aoteriad.  Tcatea  ob- 
lique, near  center  01  body;  drrua  sac  large,  extending  from  posterior  margin 
of  acetabulum  to  genital  pore  located  between  suckera  and  posterioi  to  fork  of 
intestine.  Ovary  postacetabular,  deitral.  Laurer's  canal  in  fort  of  cicretoiy 
duct;  mil  thick.  Viteliaria  continuous  from  rjgbt  to  left  trath  above  and  be- 
low crura  and  eicretoiy  duct,  extending  anleriad  to  potterior  matKUi  of  acetobu- 


Egg»3i  by  17^. 
Only  species  known.  .  Auridistom 
Intestine  at  CMyira  nrpeiOina. 


K  chdydrM  Stafford  1900. 


Fm.  6>j.    AmidiilemumtU) 


Idiilemum  tUyini.    Vitdlaria  chaiued  to  cotnspond  wltli 
olaulboc.    Venlnlview.    w^n"^      (After  Stafford.) 


105  (68)    Testes  niunerous,  in  two  longitudinal  series. 


Pleorckis  RaOliet  1896. 


Infiunedium  sized  diUomet  with  oval,  somewhat  flattened  body.  Skin 
spinous.  Suckers  small,  equal,  separated  by  only  one-fourtb  body  length. 
Oral  sucker  subterminal.  Prniharynx  proniment,  pharynx  snull.  esophagus 
extended,  crura  with  single  biancfa  directed  antetiad.  Eicretoiy  system 
unknown. 

Genital  pare  preacetabular.  Cirrus  sac  ^Mcnt  (?).  Testes  namerous 
in  two  rows  near  median  plane  in  posterior  half  of  body.  Viteliaria  in  two 
broad  lateral  bands  from  acetabulum  to  posterior  end.  Other  oigans  Con- 
Sned  to  small  area  between  anterior  testes  and  fork  of  intestine  nustly,  be- 
hind acetabulum.     Uterus  siiort;  ova  scanty,  48  )i  long. 

Reported  by  Leidy  from  lungs  of  mu^  turtle  (AramocMys  edorata 
Latr.)  as  MiMtojloma  moUt.  Shown  by  Stiles  and  Hasaail  to  be  distome, 
somewhat  like  Distoma  polyerchU  Stossicb.  Position  and  relationship  de- 
pendent finally  on  more  perfect  knowledge  of  structure  which  awaits  dis- 
covery of  new  material. 

Flo.  CBS.   PJWkWkmW).   Msg^Sod.    (After  StOes.) 


loO  (.67)  Acetabulum  represented  by  two  small  suckers  set  dose  ti^ether  in 
depression  on  mid-ventral  surface  near  center  of  body; 
genital  cloaca  opens  between  the  two  suckers. 

Subfamily  Crvftogoniuinae  Ward. 

Very  small.  B|Hnous  distomes  of  uniform  width  throughout,  with  bluntly  rounded  ends. 
Oral  sucker  very  large  and  pronunent.  Ventral  sucker  double,  minute,  withdrawn  into  pocket; 
genital  pore  birtween  the  two.  Prepharynx,  pharynx,  and  short  esophagus  presents  crura 
extend  tu  anterior  margin  of  testes.     Elicietoiy  vesicle  Y-shaped,  fork  at  oviduct,  anterior 
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branches  reach  to  poslerior  margin  of  pbaTynx.  Testes  elongate,  parallel, 
dorsal,  in  posterior  third  of  Ixidy;  seminal  vesicle  convoluted,  Jorge;  no 
cimi^orsac.  Ovary  ventral,  pioiimate  to  testes,  slighlly  lobed;  Lauret's 
canal  (?);  vitellaria  lateral,  in  centra]  region.  Uterus  with  descendlof 
ramus  on  right,  slightly  coiled,  extending  to  posterior  end.  ascending 
nunus  returning  on  left,  crossing  anterior  to  ovary  and  passing  on  right 
to  genital  atrium.     E^gs  small,  dark,  about  lo  by  ro  ii. 

Type  genus.  .    .    .    Cryph/gonimus  H.  h.  Oshom  igio. 

The  genus  has  been  placed  in  the  Acanthocbasmidae;  see  note  under 
Si  {75).  Even  if  that  action  be  justified  it  occupies  a  portion  suffid- 
eot^  isolated  to  demand  rank  ui  a  separate  subfamily  as  indicated 

Only  species  known  in  North  America. 

Cryptogonwnus  ckyli  Osborn  1903. 

In  stomach  and  intestine  of  Uicroftems  d/^imiiai  and  Ambtaflilei 
mpattis;  Lalce  Chautauqua,  New  York;  St.  Maiy's  River,  Michigan: 
Canada.  Young  distomea  encysted  in  sinall  black  bass,  rock  baas,  and 
mumaws  (Cooper). 


Pm.  figg.    CryHcumlmmi  dtjli.    Veal 


107  (66)     CoiIb  of  uterus  extend  well  beyond  testes  into  posterior  portion 

o£  body 108 

108  (109)     Mouth  surrounded  by  a  crown  of  six  muscidar  papillae  which 

are  outgrowths  of  oral  sucker Bunodtra. 

See  note  under  66  in  this  key  and  description  with  figure  under  103. 

109(108)    Mouth  without  crown  of  papillae 110 

no  (115)    Vitellatia  represented  by  small  solid  more  or  less  lobed  organ  on 
each  side  of  body  just  anterior  to  ovary. 

Family  Gorgoderidae  Looss  1901. 

MuKular  distomes  with  slender  mobile  anterior  region  and  flattened  posterior  region. 
Suckers  muscular;  acetabulum  especially  projects  noticeably  beyond  surface  of  body.  Skin 
without  spines  but  often  with  Qne  papillae.  Esophagus  long  without,  or  short  with  phaiynx. 
Crura  umple.  extend  to  posterior  end.  Excretory  bladder  simple  tubular,  eitending  from 
dorul  pore  near  posterior  end  lo  region  of  ovarian  complex.  Genital  pore  median,  Iwtween 
acct^uium  and  fork  of  intestine;  without  male  copulatoiy  organs.  Ovary  lateral,  post- 
acetabular;  Laurer's  canal  or  receptaculum  seminis  present.  Testes  lateral,  obhque  or  sym- 
metrical. Uterus  in  numerous  open  loops  chiefly  postovarian.  Eggs  relatively  large  witb 
thin,  faintly  colored  shell. 

Only  one  subfamily  reported  in  North  America. 

GoEGODEHiNAE  Looss  iSgg  .    .     Ill 

Small  to  submedium  in  sUe.  sometimes  slender,  sometimes  broad  in  posterior  re^on. 
Etophsgus  reUtively  long,  without  muscular  pharynx.  Testes  more  or  less  oblique  and  within 
intestinal  crura.    Lauier's  canal  preient  but  no  receptaculum  semims.    Vitellaria  not  far 

In  urinary  bladder  and  ducts  of  ashes  and  amphibians. 
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14)    Body  elongate,  knceolate  without  conspicuous  well  m^ted  anterior 

and  posterior  regions. ill 

13)    Testes  subdivided,  forming  on  one  side  a  series  of  four  and  on  the 
other  £ve  parts;  in  all  nine  separate  kibes. 

Gorgodera  Looss  1899. 

Testis  on  ovarian  ait  has  Sve  parts;  the  opposite  testis  lies  further  an- 

teiiad  and  is  divided  into  four  parts  only.      In  weU-developed  adults  these 

organs  are  completely  concealed  by  the  coils  of  the  uterus  filled  with  dui 

brown,  almost  black  tsgi- 

Found  in  the  bladda'  of  various  Amphibia:  Raita  and  Siiamm^t  (F). 
At  least  two  ^Kdes  In  North  Ameilca. 

Representative  American  ^>ecies. 

Gorgodera  minima  Cort  1912. 

Pio.    690.     Gartahn  minima.     VcDtial  view.     Young  qxdmea  with  bnt  tew 


113  (113)    Two  simple  testes,  elongate-oval,  not  divided. 

Gorgodtrina  Looss  1903. 
TestM  are  elongate  and  have  irTesulai  notched  margins  but  do  not  divide  into  sections. 
Vitellaria  have  on^  few  lobes.     Mut£  like  the  (ormer  genus.    Adults  are  difficult  to  distinguish 
after  the  uterine  coils  cover  the  testes. 

Found  in  the  bladder  of  Amphibia:  Bufa,  Rana  and  Satamaiidra  (?}.    Three  ^xdes  known 
bom  North  America. 

Representative  American  species. 

GoTgoderina  altmuaia  Stafford  1901. 


Fio.  6gi.    CtfotfirrH  al 

114  (ill)     Body  elongate;  slender  anterior  region  di-itinct  from  broad  poste- 
rior region PkyUodistotmtm  M.  Braim  1899. 

No  sharp  line  of  division  maiks  the  tiansilion  between  the  two  regions 
of  the  body.  The  vitellaria  are  solid  masses  only  slightly  indentol 
marginally.  ITie  testo  are  oblique,  well  separated  iiom  each  other, 
and  onl^  weakly  lobed  if  at  all. 

In  urmary  bladder  of  fishes  and  amphibians. 

Representative  American  species. 

Fkyllodislomum  americanum  Osbom  1903. 

One  species  (P.  amtrieanitm  Osbom)  reported  from  North  America 

in  Ati^yslBma;  two  others  doubtful  from  pike  (Estx  tucius).  bull-head 

{AtKtiurus  naiUosM),  and  perch  (Pert"  ■*" '  '~  " — """ 


Fm.  6ji.    PkyOtii 


Kricaimm.    Ventnl  view.    X  I&    (After 


115  (no)    Vitellaria  composed  of  disUnctly  separated  follicles. 
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116(119}  '  Viteilaria  confined  to  estreme  anterior  r^on  of  body,  not  ex- 
tending posteiiad  furlher  than  acetabulum 117 

117(118)     Viteilaria  extend  across  entire  body  in  ^interior  region,  reaching 
nearly  to  acetabulum. 
Genital  pore  on  ventral  surface. 

Subfamily  Brachycoeliinae  Looss  1899. 
Inteatinal  ciun  short,  not  extending  poateriad  to  acetabulum.    Geoital  port!  median,  between 
ludcen.    Testes  klerU,  near  acetabulum.    Ovary  laleid,  pretesticuiar.    Uterine  ouls  &1I 
entire  posterior  region.    Eggs  numerous,  small. 
A  single  spedea  BrachycatiititH  lioipiliUt  Stafiord  190J  is  recorded  from  North  America. 
Genital  pore  marginal. 

Subfamily  Pleukogenetinae  Looss  1899. 

Intettinftl  crura  of  variable  lenEth.  Genital  pore  snistrd,  oCten  marginal.  Cirrus  sac 
large,  pyriform,  with  coiled  vesicuu  aeminalis  and  muscular  dmui.  Egga  li  to  40;!  long. 
Intestines  of  Anura;  a  angle  spedes  in  Chamdiotl. 

Tbe  family  description  as  written  by  Odiuier  will  not  take  in  the  American  genus  which 
Looss  and  he  think  should  certainly  be  induded  heie.  Until  more  data  aie  available  it  ia 
unwise  to  make  a  new  pUce  for  this  ^ngle  genus. 

Only  North  American  genus  yet  described. 

Loxogenes  Stafford  1905. 

Small  diitomcs,  with  broad,  tluck,  heart-shaped  body  in- 
dented at  posterior  end.  Skinspinous.  Suckers  small,  poorly 
developeif  nearly  equal;  acetabulum  near  center  of  body. 
Phaiyni  present;  esophagus  very  short;  crura  short,  some- 
what inflated,  not  reaching  even  to  center  of  body.  Eicretory 
veside  divides  near  pore,  lateral  branches  inflated,  terminat. 
ing  behind  testes.  Ovaiy  pyramidal,  lobed,  preacetabular. 
between  tester  slightly  cieitral.  Viteilaria  ventral,  eitend 
across  entire  body  from  pharynx  nearly  to  acetabulum. 
Laurer's  canal  and  small  receptaculuni  present.  Uterus 
chieSy  postacetabular,  with  longitudinal  fofds  in  two  groups 
one  on  each  side  of  body.  Testes  oval,  small,  lateral  at  ends 
of  crurt  in  line  with  acetabulum  or  slightly  posterior.  Cir- 
rus sac  long  and  narrow,  preacetabular,  sinistral,  with  coiled 
arms.  Seiual  pore  dorsal,  Mnistral,  midway  between  center 
aiam        and  margin  at  Icvd  of  fork  in  intestine.    Ova  small,  34  by 


ii"^."- 


In  thick-w 
of  various  frogs.    The  single  spedes  L.  arcaiHii 
setts,  Minnesota,  Ontario, 
118  (117)     Viteilaria  consist  of  small  groups  of  follicles  lateral  to  pharynx  in 
extreme  anterior  region. 

Caecincola  Marshall  and  Gilbert  1905. 
Very  small  distomes;  anterior  end  truncate,  posterior  end  bluntly 
rounded.  Entire  body  spinous.  Oral  sucker  very  large,  acetabulum 
much  smaller.  Moutb  terminal,  prepharyni  and  esophagus  equal,  ratbet 
long,  pharyni  prominent,  ceca  short  but  wide.  Excretory  vesicle  Y- 
ahaped,  extending  antcriad  beyond  pharynx.  Testes  very  large,  ovoid, 
in  posterior  half;  no  copulalory  organs;  seminal  veade  large,  bipartite. 
Ovary  lubed,  anterior  to  right  testis;  viteilaria  scanty,  far  anterior,  lateral 
to  pl^rynx.  Uterus  poorly  devdoped,  a  few  open  loops,  above  and  be- 
hind testes,  extending  nearly  to  posterior  end  oF  body.  Receptaculum 
semlnis  dorsal  to  ovary.  Assigned  by  some  to  the  family  Acanthochas- 
midae;   see  note  under  81  (75)  ui  this  key. 

Type  species. 

Caecincola  parvulus  Marshall  and  Gilbert  1905. 

One  spedes  known  [C.  pamulu)  in  ceca  and  stomach  of  large-mouthed 
bUck  bass  in  Wiscon^n. 

Fio.  «<u.    CoBiiKolo  panmlm.    Ventral  view:  avaty  dnwn  somcuhat  to  lu 
side  to  show  underlying  parts.     X  95.    (Uter  Manhall  and  Gilbert.) 

119(116)    Viteilaria  not  confined  to  extreme  anterior  region lao 
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130(133)    Intestinal  crura  short,  divergiiig,  not  passing  acetabuhim.     .     izi 
131  (12a)    Testes  symmetrical,  lateral,  postacetabular. 

Subfamily  Microphallinae  Ward  1901. 
Small  diatomes  havbg  peu-ibaped  body  with  mobile  anterior  rt^n 
ooaUiniDg  alimenUiy  system.    Sucken  nnall,  prepluiyai,  pbao'iix 
and  bng  eaophagui  pRseoti  crura  short,  not  uirpassiiig  acetabulum. 
Eioetory  system  V-shapeil.    GeniUl  pore  iIiiiMnil,  rarely  post- 
acetabular.  No  diTuE-sac.  Seminal  veside  immediately  preacetabu- 
lai.  Testes  symmetrical,  behind  acetahulimi.  Ovary  dextral,  along- 
^de  of  acclabulum.     Vitellaria  qrmmetrical,  behind  testes,  in  form 
of  a  lobed  mass  of  follicles.    Uierus  coiled  m  posterior  region,  ex- 
tending anttriad  about  as  far  as  posterior  ma^in  ol  acetabulum. 
Eggs  small,  very  numerous. 
In  intestine  of  water  birds  and  fishea. 
Representative  American  genus. 

Microphallus  Ward  1901. 

One  nedea  (If.  opaciu)  in  Atiria  calva,  Uicrapttna  delomiai.  An- 
garia airytypa,  Idaluna  punekMUf  Percajtaracem;  the  youns  dis- 
lome  enqystoi  in  crayfish. 

Fig,  (m.    UicntkaUus  otaau.    Veolni  view;  dotta 


3(131)    Testes  oblique 


n  center  of  body,  posterior  to  acetabulum. 

Proletikron  StaSord  1904. 
Small  distomes.    Broadest  at  center.  Doirowed  behind.    Skin  q>inous.    Oral  sutler  termi- 
nal, 0.186  mm.,  acetabulum  0,61  mm.  in  diameter,    Frepbaiynx  longer  than  pharynx  or 
esophagus.     Crura  short,  diverging,  not  passing  acetabuluin.    Black  eye  spots  lateral  to 

Cbuynx.  Testes  oblique  In  center  of  body  behind  acetabulum.  Ovary  in  front  of  left  testis, 
terus  reacUng  postenor  end.  Vitellaria,  Uteiil,  short,  from  fork  of  intestine  to  near  ovary. 
Citrus  (and  sac?)  extending  posteriad  to  ovary.    Eggs  11  by  11  fi. 

Type  species ProUnieron  diaphanum  Stafiord  1904, 

InteMloe  ol  AnMoptiUt  rupafrii;  Mantteal,  Canada. 

133(110)    Intestinal  crura  extend  beyond  acetabulum 134 

114  (135)     Uterus  forms  rosette  in  center  of  body. 

~  CeiUrovarittm  Stafford  1904. 

Small  distomes,  tapering  aomewhat  towards  both  round«d 
ends.  Ventral  sucker  larger  than  oral,  at  end  o(  anterior  third  of 
body.  Crura  terminate  opposite  center  of  ovary.  Testesbehind 
ends  of  crura,  not  consiucuous.  Uterus  rosette-sbaped,  in  center 
of  body.    Vilellalia  lateral,  from  esophagua  to  anterior  margin  of 


Only  species  known. 

Cmtrowrium  lobota  (MacCaJlum)  1895. 


n.  long.    Suckers  relatively  small  and 

,         __.,., Acini  of  vitcllaiia  more  or  less  con- 

Buent  imparting  a  tubular  appearance  to  the  organ.     Eggs  very 
numerous,  small,  pyiiform,  31.5  by  ij  ii,  with  thick  brown  shell. 
Intestine   of   £101   iMiui,  Sliwstidu'ii    nlmin,  Amihttilei 
rupatrit,  AngniUa  tkrysypa;  Ontario,  Canada. 


FiO.  6g6.    Cmlmarimm  t^ata.    Donal  view.    MagniflH.    (Altet 
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136  (129)     Geaital  pore  near  oral  sucker  on  left  margin  of  body. 

Subfamily  Prosthoooniminae  Ltihe  1909.   .    .     127 

Small  to  medium  uzed  distomes  with  body  somewhat  flHttened  and  elongate.  Skin  ipinous. 
Pharyni  prcscDt,  esophagus  variable,  cruia  half  or  three-quartera  length  of  body.  Excretory 
bladder  Y-shaped,  sometimes  with  caudal  vesicle.  Genital  pare  marginal,  dor^  or  anterior 
to  oral  sudcer.  Cirrus  sac  long,  slender,  cylindrical,  eitending  to  or  beyond  intestinal  bifur- 
cation. Testes  behind  acetabulum  and  ovary.  Ovary  close  to  acetabulum,  vitellaria  eitra- 
Cecal  in  central  ^rtion  of  body.  Receptoculum  seminis  and  Laurer's  caiio]  present.  Uterus 
in  coils  in  postenor  region,  chiefly  behind  testes. 

127(118)     Testes  symmetrical;  ovarylobed;  uterine  coils  pass  between  testes. 
Proslhogonimus  LUhe  1899. 
various  water  hirdl  in  Europe.    Reported  from  North  America 

8  (117)     Testes  oblique  or  tandem;  ovary  entire;  uterine  coils  do  not  pass 
between  testes Cephalogonimus  Poirier  1886. 


Genital  pore  dorsal  or  anterior  to  oral  sudLcr. 
Uterus  passes  from  ovarian  complex  direirtly 
posteriad  between  crura  and  testes,  on  right 
nde  of  body,  forms  mass  of  coils  behind  testes 
and  passes  anteriad  on  left  to  geniul  pore. 
Vitellaria  not  always  entirely  eitracecal. 
Testes  round  or  im^^ular.  Eggs  numerous, 
moderate  in  size,  development  unknown. 

Two  spedes  in  intestine  of  frogs,  Toronto 
and  Montreal;  and  of  soft-shelled  turtles 
(Aspidnudet  and  Amyda),  Minnesota. 


MigolfiAl.    (After  NUemmO 


139  (136)    Genital  pore  anterior  to  acetabulimi,  from  nearly  median  to 
margiaal  in  position. 

Family  Plagiokchiidae  Ltihe  char,  emend.   .    .     130 

(Syn.  LtpodenHotidae  Odhner  igio.) 
More  or  Iras  elongate  distomes  with  moderately  Battened  to  cvlindricai  body;  rarely  (Ockt- 
teiiima)  strongly  Battened.  Skin  usually  ^unous  over  entire  body.  Prepharym,  phaiyni, 
and  esophagus  present;  crura  very  vBiiable  in  length.  Excretoiy  bladder  typical^  Y-shoped 
with  median  stem  dividing  into  two  short  branches  behind  complex  of  Mehhs'  gland.  Gemtal 
pore  usually  just  in  front  of  acetabulum,  slightly  left  of  median  line.  Cirrus  sac  crescentic, 
powerful,  with  prominent  longitudinal  fibers,  containing  drrua,  vesicle,  and  prostate;  rarely 
(jlltiofrniu)  reduced.  Ovaiy  on  posterior  margin  of  acetabulum,  dextral,  rarely  sinistral 
Testes  usually  oblique,  rarefy  sytmnetrical  or  median,  close  behind  ovary.  Laurer's  canal 
pesent,  eicnit  in  Pntummoices:  receptaculum  seminis  variable.  Vitellaria  lateral,  variable 
m  extent.  Uterus  extends  poeteriad  to  end  of  body  and  then  anteriad  to  pore,  dmple  or  com- 
plicated by  coils  filling  posterior  region,    f^gs  very  numerous,  small,  thin-shelln],  measure 
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130(139)    Recqitaculum  seminis  present  (except  Plagiorckis);    crura  reach 
posterior  end  (except  Styphlodora) 131 

131  (138)    VesiaJa  aeminalis  fiUs  greater  part  of  cirrus  sac;   pars  prostatica 
follows  after  it  and  is  very  short. 

Subfamily  Plagiorchunae  LUhe  1909.  .    .     131 

132(135)     Genital  pore  near  oral  sucker 133 

^33  (134)    Testes  median  or  nearly  so Pneumonoeces  Looss  190a, 

Medium  sized  distornes,  with  body  eloiigalr,  Uuck,  *Dd  only  sUgbtly  flattened,  tapering  an- 
teriorly. Acetabulum  small.  Oral  sucker  large,  pharyni  well  developed,  esophagus  short,  in- 
testinal crura  long,  extending  to  posterior  end.  Genital  pore  just  behind  oral  sudter,  median, 
ventral.  Cimis  sac  ftreatly  elongate,  reaching  acetabulum.  Ovaiy  nenr  acetabulum.  Testes 
postovaiian,  slightly  oblique.  Large  seminal  receptacle  between  testes  and  ovary.  No  Laurer'a 
canal.  Vitellaria  lateral  in  middle  region  of  body.  Uterus  much  coiled,  extending  to  eitreme 
posterior  end.     Eggs  numerous,  snuU,  dark  shelled. 

In  lungs  o(  Anura;  widely  distributed  and  abundant.  Develop  perhaps  from  XiphidtoccT- 
cariae.    North  American  spedes  well  worked  out  and  described  with  key  by  Cort. 

Representative  American  species. 

Pneumonoeces  coloradensis  Cort  1915. 


Flo.  igf.    PumwiiiMCd  Hiliinidimti.    Fulb'  developed 


•34  (133)    Testes  lateral  and  symmetrical  or  nearly  so.       Pneumobiles  Ward. 

Mucb  like  Pneumenoeca  but  body  larger,  thicker,  with  testes  lobed,  elongate,  lateral  uid 
symmetrical  0        '      '■-■--'      ■-1^-   -      "--  'i      ^.   .i!--i  r-u-  .• 

longer  than  it 


symmetrical  or  only  slightly  oblique.     Extracecal  lon^tudinat  (olds  of  uterus  pronouncedly 
■ .1 —  ;_   a Ttca.     Ovary  lobed.     Vitellatia  with  many  very  small  adni  in  eadi 


4  of  Anura,  Two  species  in  North  America:  P.  Imgipkiui,  F.  brmpUxus.  Cort, 
)ed  these  in  Pntumonotics,  called  attention  to  their  close  relationship.  The  points 
lance  constitute  also  characteristic  differences  from  other  species  in  Pneumetueca 
'ji  justify  their  being  made  an  independent  genus. 

Type  species Pneumobiles  hngiplexus  (Stafford)  1901. 


.dbyCoOgIC 


404                                   FRESH-WATER  BIOLOGY 
135(132)    Genital  pore  near  acetabulum '. 


136  (137)    No  conspicuous  pharyngeal  glands.   .   .   .    Flagtorcfdi  Lflhe  1899. 

Body  ekmSBte  oval,  somevhat  attenuated  at  both  endi,  covcnd 
wiEb  minute  ipines,  Phsryoi  and  oophasui  of  approximately  equal 
len^h,  cniia  leach  posterioi  end,  or  near  it.  Genital  pore  just  ao- 
tenoT  to  acetabulum,  [aedian  or  sUghtly  sinistral.  Cirrus  sac  curved 
around  and  reaching  poaterior  mar^n  of  acetabulum,  "with  large 
vesicula  leminalis.  Testes  round  to  oval,  oblique,  separated  hy 
uterine  branches.  No  reccplaculum  flcminis.  Ovary  spberiral.  at 
inner  end  ol  drrua  sac.  Vitellaria  with  many  closely  crowded  folli- 
cles usually  reaching  posterior  end.  Uterine  coils  partly  preEesticu- 
lar,  chiefly  poattesticular.     ^ 


North  Anierican  spedes. 

PlaparcHs  proximia  Bai^r  1913.  , 
Reported  from  tbe  muskrat  in  North  America. 

FU.  Ki.    I^atiartUt  fmimut.    Ventnlvkw.    X  H-    (Aflct  BaikerO 


137  (i3<^)    Conspicuous  pharyngeal  glands  present. 

Glyptkdmins  Stafford  1905. 

Small,  oval  distomes  with  i 

Sous.  Acetabulum  smaller  I , 
ryni  and  esophagus  present,  phaiyngeal  glands  conqiicuous;  .  __ 
nearly  reach  posterior  end.  Testes  small,  spherital.  at  center  oi  body,  post- 
acetabular,  nearly  symmetrical.  Genital  pore  median  between  acetabuluiD 
id  fork  oF  intestine.     Cirrus  sac  overlaps  acetabulum  in  part.     Ovary  small 


_d  posterior  end,  spread- 
ing somewhat  beyond  ends  of  jnlestine.  Vitellaria  lateral  from  loA  of  in- 
testine nearly  to  end  of  crura.    Eggs  small,  numerous. 

Single  North  American  species  known. 

Glypihelmins  quuta  Stafford  1900. 
la  Intestine  of  Canadian  frogs. 

FlQ.  7»-    dyHidmiHi  (■■'<ti.    HsgniGed.    (After  Slafioid.) 
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138  (131)     Vesicula  seminalis  at  inner  end  of  dmis  sac,  continued  to  outer 
end  by  long,  tubulai  pars  prostatica. 

Slyphiodora  Loess  1899. 

Bod^  somewhat  sttenuated  anterud,  but  bioadened 
postenorly,  with  rounded  ends.  Skin  covered  with  fine 
■pines.  Pharyoi  and  esopliagus  present;  crura  do  not 
reach  posteiior  end.  Genital  pote  median,  preacetabular. 
Cirrus  sac  encloses  coiled  vesicuU  seminalis.  Cirrus  pow- 
erful. Testes  oblique,  close  together  in  (xnter  of  bo^. 
ViteUaria  poorly  developed.     Receptaculun 


t.but  s 


Uterus  intercecal,  but  spreading  to 


bnond  ends  of  crura.    Eggs 
In  iatestioe  of  reptiles- 
One  North  American  lorn  described  by  Goldbeiger  u 
Slyphlaiora  bascaHUnsii  from  the  Uver  (?)  o(  Batcanitit 
caiutridor,  ViiKiait,  is  a  doubtful  member  oi  this  geous. 


139  (130)    No  recqitaculum  seminis,  intestinal  crura  halt  to  three-fouiths 

body  length,  at  least  never  reaching  posterior  end. 

Subfamily  Renifekinae  Pratt  1902  .    .     140 

Cnin  of  medium  length,  reaching  beyond  center  of  body  but  not  into  posterior  tip.    la 

eveiy  case  an  open  space  or  uterine  coils  intervene  between  the  crura  and  posterior  end  of 

No  receptaculuRi  seminis. 
TeMes  at  ends  of  crura,  more  or  less  symmetrical. 
In  mouth,  air  passages,  lungs,  esophagus  and  stomach  of  snakes. 

A  group  clearly  worked  out  and  demied  by  Odhner.  richly  represented  in  North  America 
where  occur  five  out  of  the  seven  genera  already  described. 

140  (141)    Genital  pore  marginal  or  nearly  so Renifer  Pratt  1902. 

Small  distomes  with  elliptical,  ventrally  Sattfned  body  covered  with 
fine  spines.  Supers  moderalely  developetl:  acetabulum  larger,  anterior 
to  middle,  l^auth  subterminal;  pharynx  present;  esophagus  short;  in- 
testinal ceca  reach  beyond  acelabulum,  about  to  center  of  body.  Ex- 
cretory vessel  Y-shaped.  Genital  pore  marginal,  about  level  of  fork  of 
intestine.  Testes  both  ssTnmetrioi  just  behind  cenler  of  body  near 
ovary  which  is  Uteral  at  right  posterior  maigin  of  acetabulum.  Cirrus 
sac  taige,  reaching  to  or  beyond  acetabulum  with  convoluted  semioal 
veade.  Vitellaria  submoderate  in  size,  lateral,  in  central  third  of  body. 
Uterus  with  descentUng  and  ascending  limb,  passing  between  testes  nearly 
"    posterior  lip;  capacity  provided  by  increase  in  breadth  of  tube  and  oat 


by 


n  length  and  formation  of  coils. 
Representative  American  ^>ecies. 

Renifer  ^iptUus  Pratt  1903. 


Fio.  J04.    Rtmiftr  lOiptiau.    Ventral  view.     X  IS-    (After  Piatt.) 

141(140)     Genital  pare  median  ornearly  so 143 
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143  (143)    Testes  oblique,  aeparaled  by  greatly  enlarged  branch  of  uterus, 

Dasymelra  Nicoll  1911. 
Body  moderBtely  Battened,  spinous.     Pharynx  latge,  ciura  wide,  not 
reacliing  posterior  end.     Eicretory  vesicle  Y-shaped,  wilt  msuy  ^de 

t !.__      ^.   ■-■  ixiremedian, slightly preicetabulat.   Cimissac  ' 

No  receptaculum  seminis;  Laurer's  canal  pi 
J,  lateral.     Uterus  coiled  in  posterior  end,  asct    .  .„ 
arly  straight,  metraterm  long,  muscular.    Ova  35  /i  long. 

Type  and  only  species. 


branches.  Genital  poremedian,sligt]tlypreacetabulai.  Cirrus  sac  sboit, 
plump;  cirrus  long.  No  receptaculum  seminis;  Laurer's  canal  present, 
Vilellana  branching,  lateral.     Uterus  coiled  in  posterior  end,  ascending 


Dasymelra  conferla  Nicoll  igii, 

n  width  1  to  1.4  mm.,  near  center 
3.S6  mm.  in  diameter.  Acetabulum 
same  Mze  or  little  less,  about  1.7  mm.  from  anterior  end.  Pharynx  0,28 
mm.  in  diameter;  esophagus  short;  crura  wide,  enlarged  at  ends.  Ex- 
cretory tubulespigmented.  Testes  oblique,  separated  by  uterus.  Ovary 
at  right  posterior  margin  of  acetabulum.  Vilrlluria  lateral,  extend  from 
genital  pore  to  posterior  border  of  right  testis;  follicles  large,  lllerus 
spacious;  descending  ramus  donal.  small;  posterior  coll  behind  ends  of 
intestinal  crura;  ascending  ramus  Irregular,  broad,  extending  to  acetabu- 
lum. Mrtratcim  with  tjuck  muscular  walla.  Ova  dart  brown,  33  to 
37  by  16  to  19  u. 

In  mouth  (?)  of  diamond  water-snake  {Tripidtiwliit  rhombiftr);  North 
America,  locality  unknown. 

'.  Fro.  705.    Dasymetit  canjertt.    Ventn]  view,     X  is.    {After  Nkxdl.) 


143  (142)    Testes  lateral,  symmetrical 144 


144  (i4s)     Topography  inverted,  i.e.,  genital  pore  right  and  ovary  left  of 

median  line Pneumalopkilus  OAhntT  igio. 

Broad,  flat  distomes  of  submedian  size  with  moderately  de- 
veloped suckers.  Greatest  width  tiehind  center,  tapering  lo 
anterior  end,  rounded  posteriorly.  Skin  spinous.  Suckers  in 
anterior  third  of  body,  acetabulum  slightly  larger.  Genital  pore 
dcxtral,  near  fork  of  intestine,  half  way  between  suckers.  Oral 
sucker  slightly  subterminal,  pharynx  present,  esophagus  very 
short.  Cnua  extend  to  or  just  beyond  testes,  with  numerous 
short  lateral  projections  on  outer  margin.  Excretory  vesicle  Y- 
shaped,  slender.  Stem  reaches  to  anterior  margin  of  testes. 
Testes  opposite,  just  behind  center  of  body,  lobed.  Cimia  sac 
and  cirrus  moderate  in  size.  Ovary  at  left  posterior  margin  of 
acetabulum.  Laurer's  canal,  but  no  receptaculum  seminis.  Vi- 
tellaria  eitraixcal,  extend  from  level  of  genital  pore  to  anterior 
part  of  testes.  Uterus  with  descending  and  ascending  limb  pass- 
ing between  testes;  thrown  into  transverse  loops  that  Gil  post- 
testicular  region. 

In  the  lung  and  trachea  of  BeUrodim  fifo'yrMHNj  and  Trtpi- 
donotia  siptdon. 

One  Bpedes  in  North  America,  originally  described  by  Lddy 
as  Disloma  variabiU  var,  b,,  and  listwl  later  by  Pratt  as  Raii/er 
turiabiiis  taken  by  Odhner  as  type  of  the  new  genus, 

Fio.  706.  PtmtmaltfkatHtviiMIU.    Donalview,  Xti,  (AftetPnlt.) 


145  (144)     Topography  direct,  i.e.,  genital  pore  left  and  ovary  right  of  median 
line. 146 
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146  (147)     Cirrus  sac  does  not  extend  posteriad  beyond  acetabulum. 
Lechriorchis  Stafford  1905. 

DIgtomn  of  submoderate  ilie  ovkl,  aarmwer  bebiad.  ventral  nicker 

much  larger  tbsn  oral  (?),ODe-tbiid  body  length  from  anterior  end.  Skin 
spinous.  Pharyni  and  esophagus  present;  crura  extend  to  |posterior 
margin  of  ?)  testes,  two-thirds  length  of  body.  Testes  large,  nearly 
symmetrical,  almost  in  contact,  Cimis  sac  large,  dorsal  and  anterior  to 
acetabulum  on  right  side.  Geoital  pore  at  fork  of  intestine.  Ovttiy 
small,  spbericBl,  at  the  end  of  cirrus  sac,  on  right  posterior  margin  of 
acetabulum.  Ulerus  extends  directly  posteriad  to  end  of  body  and  then 
anterlad,  ascending  limb  greatly  expanded.  Vitellaria  (lateral  ?],  nearty 
entire  length  of  ceca.    E^gs  dark  brown. 

Two  species  from  North  America;  type  L.  primiu  in  lung  of  garter 
snake.  The  only  well-described  spedea  is  one  which  Stafford  says  be- 
longs here;  it  is  L.  rtatitalui  ( -  Reirifer  doittattu  Pratt)  in  mouth  of 
BdtTodtn  flatytkinui.  Rentftr  metaiarckU  Crow  1913  from  the  ulerus 
of  Natrix  rkombi/era  may  bdoog  h^ 

Fm.  707.    Ltckrirttliii  ilmtttiH.    Donalvkw.     X  ij-    (Ah«  Pialt.) 

147  (146)    Cimts  sac  extends  posteriad  beyotid  posterior  margin  of  acetab- 

ulum  Zeugorckis  Stafford  1905. 

Small,  elongate  elliptical  distomes  with  subterminal  oral  sucker  and  spinous  skin.  Ace- 
tabulum near  center  of  body.  Pharynx  and  esophagus  present,  cnini  extend  to  testes  only. 
Testes  oval,  lateral,  separated.  Cirrus  sac  large,  dorsal,  extending  posterior  to  acetabulum. 
Genital  pore  in  fori  of  intestine.  Ovary  small,  spherical,  at  end  of  dmia  sac.  Uterus  with 
descending  and  ascending  limbs,  reaches  to  posterior  end;  eggs  ver^  numerous.  Vitellaria 
lateral  along  crura,  but  also  covering  same  and  approaching  median  hne  dorully.  Excretory 
bladder  median,  luge,  with  evident  lateral  branches. 

Single  North  American  form,  type  ^lecies. 

Zeugorchis  aajuaius  Stafford  1905. 
In  eiophagus  and  stomach  of  garter  snake;  Canada.    This  form  is  very  inadequately  de- 
■cribed  uid  its  position  is  somewhat  a  matter  of  conjecture.    Odhoer  believes  it  abouu  be 
placed  in  this  subfamily. 

148  (65)     Ovaiy  posterior  to  one  or  both  testes. 149 

149(153}     Ovary  posterior  to  both  testes 150 

150  (151)    Uterine  coils  anterior  to  ovary,  between  it  and  acetabulum;  testes 

small,  oblique,  nearly  symmetrical,  widely  separated  from 
each  other,  lateral  near  acetabultmi.      .    .    .     LeucertUhnts. 
H>r  description  and  Sgure  consult  it  (86)  in  this  kay. 

151  (iSo)    Uterine  coils  posterior  to  ovary,  between  it  and  ptwterior  end; 

testes  luge,  oblique  or  nearly  median,  forming  with  acetabu- 
lum and  ovary  almost  a  continuous  median  series. 

Family  Dicrocoeliidae  Braun  IQ15. 
Elongate,  flattened,  transparent  distomes  of  modeiate  uze  with  weak  auckers  and  poorly 
developed  musculature.  Acetabulum  ttear  anterior  end.  Intestinal  crura  do  not  Teach  pos- 
terior end.  Excretory  bladder  tubular,  reaching  anteriad  to  center  of  body.  Genital  pore 
median,  between  tuckers,  near  fork  of  intestine.  Cirrus  sac  small,  cirrus  cons[Hcuous.  derm 
glands  postacetabular  with  testes  symmetrical,  oblique,  in  median  series  in  front  of  ovary. 
Vitellana  occupy  oenlral  region  of  body  mostly  outside  of  intestinal  crura.  Uterus  long  with 
descending  and  aacoiding  branches  in  transverse  coils,  mostly  filling  area  behind  ovary.  Eggs 
Dwdenite  in  siie,  very  abundant,  chick  shelled,  dark  brown. 
Faradtic  chiefly  in  gall  ducts  of  Amniota. 

Type  genus Dicrocoelium  Dujardin  1843. 

Body  tapering  towards  both  ends,  more  anteriad.  Testes  oblique,  close  together.  Vilel- 
biia  latenil,  ^mmelrical,  small.  Genital  pore  with  drrus  sac  between  ventral  sucker  and 
fbrk  of  intestine.    Uterus  prominent,  filling  entire  body  behind  germ  glands  which  lie  between 

kcetabutum  and  (xnter  of  body. 
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The  common  European  spcdea  (D.  imdrUicum,  tb«  old  Diiltam  lamxttaium)  Is  said  by 
Lcidy  to  be  frequeot  in  sheep  m  several  western  states,  but  Stiles  and  Hassall  report  it  as  ap- 
p«raDtly  not  in  North  America.  I  have  never  seen  a  specimen  collected  here.  Confusion 
with  Opatkonkis  and  similar  forms  is  common  in  earlier  records. 

North  Americaji  genus Halipegui  Looss  1899. 

Moderate  uzed  distomea  with  muscular  body,  round  in  cross-section,  and  powerful  suckers. 
Phaiynj  large,  esophagus  short,  crura  extending  to  posterior  end.  Genital  pore  dose  to 
pharynx.  No  drrus.  Testes  lateral^  near  posterior  end,  synimetricai.  Ovary  close  behind 
right  testis;  vitellaria  just  behind  ovary  and  composed  of  group  of  4  to  5  large  follicles  on  each 
side.  Uterus  in  crowded  transverse  coils,  filling  almost  entire  body?  Eggs  extrancly  numcT' 
OU9,  small,  with  long  polar  filament.    In  mouth  and  pharynx  of  amphibia. 

North  American  species.   .   .    .  SaHpepts  occidualU  Stal!ord  1905. 

In  mouth  and  eustacheon  tube  of  Ram  atiabiana;  Canada,  Massachusetts. 
152(149)    Ovary  between  testes 153 

153  (15*^)     Ovary  median  or  nearly  so,  hence  directly  behind  anterior  tes- 

tb 154 

154  (155)     Genital  pore  between  acetabulum  and  pharynx. 

Sphaerostoma  Stiles  and  Hasaall  189S. 

Small  diatomes  with  actively  mobile,  powerful  anterior  region  and  broad  posterior  region. 
Suckers  poweiful.  Fhao'ni  present,  esophagus  long,  crura  reach  into  caudal  end.  Cirrus 
sac  large,  dmis  muscular.  Testes  separate,  anterior  one  near  acetabulum  on  right,  posterior 
one  near  caudal  tip,  median.  Ovary  intermediate  but  slightly  to  left  of  median  line.  Vitel- 
laiia  eitenave,  lateral,  from  phaiynx  to  posterior  end.  Uterus  in  few  coils  between  posterior 
testis  and  acetabulum.    With  few,  large  eggs. 

This  genus  has  not  yet  been  reported  from  fresh-water  fishes  in  North  America.  Unton 
has  found  it  in  marine  fishes  in  the  Woods  Hole  region  and  it  is  common  in  Europe  in  Cypri- 
ludae  and  many  other  fresh-water  fishes  so  that  it  is  very  likely  to  be  found  on  this  contment 
in  aimilar  fresh-water  hosts. 

155  (154)     Genital  pore  some  distance  behind  acetabulum,  Just  anterior  to 

anterior  testis.       Clinoslomum  Leidy  1856. 

Middle  sized  distomes  with  flattened  body. 
Oral  sucker  small  and  retracted  at  times  so  tl^t 
the  body  wall  rises  around  it  like  a  collar.  Ace- 
tabulum near  oral  sucker,  larger,  very  muscular, 
with  triangular  orifice.  No  pharynx,  short  eso- 
phagus and  long  crura  provided  with  lateral 
pockets.  Cirrus  sac  present.  Vitellaria  lateral, 
strongly  developed,  con9uent  behind  testes.  Uter- 
us inverted  U-shaped,  reaching  forward  nearly  to 
acetabulum,  with  expansion  on  distal  branch  of  U. 

Several  species  in  North  America.     Not  clearly 
distinguished  in  records.    Adults  are  parasitic  in 
the  pharynx  and  esophagus  of  Esh-ealiog  birds 
such  asherring  gull,  various  herons,  bittern,  eagle, 
stork.    Young  forms  entysted  in  frogs  and  fish   1 
(miimows,  perch,  hluegill,  bullhead,   rock  bass,   I 
pike,  black  bass,  trout,  etc.).    Cort  has  shown  that 
the  young  encysted  in  amphibia  are  a  different  I. 
speaes  from  those  in  fish.      Widely  distributed  in  I 
eastemNorthAmericaat  least.     The  larval  stages  \ 
arc  so  abimdant  in  some  regions  that  food  fish  are 
rendered  unfit  for  use  by  the  middle  of  June.  The 
cysts  are  deserted  by  late  fall  and  the  Mb  are  free 

DiiUima  oricola  Leidy  from  the  mouth  of  AUi- 
gaUrr  miisissippiauU  is  undoubtedly  a  related 
form  as  Pratt  surmised.     It  falls  in  this  family      p^    .„     ciimis- 
Fio.  Jot.     CIJKMfcawM  but  too  little  is  known  of  its  structure  to  justify  it^tmrn    turiinaluiii. 
mviittaiitm.    Larval  ilage  as^gning  it  to  a  definite  genua.  Vounc    adult    from 

from  perch.    X  19.    (After  heron.   X  19.  (Aflct 

Conj  CoitJ 
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IS*  (*S3)    Ovary  lateral  and  slightly  posterior  to  anterior  testis,  but  not 
directly  behind  it 157 

'57  ('58)     Genital  pore  at  posterior  end.      .    .     Leucockloridium  Carus  1835. 

Small  diitomes  with  compreaaed  muscular  body.  BoUi  juckcn  and  phatyoi  large  and  poir- 
eriul.  EaopliB^nis  Bhort.  cniia  very  ikoder.  reacbiog  neuly  to  poiterioi  eod.  Eitretoty 
pore  dorsal  near  caudal  tip.  Cirrus  sac  present.  Laurer's  canal  present;  receptaculum 
wanting.  Vitellaiia  lateral,  con^ucuous,  eitracecsl.  UUnis  in  loops  axeods  on  one  ^de  o{ 
acetabulum,  crosses  body,  and  descends  on  the  other  ^de.     Eggs  small,  thick  shelled. 

In  the  doacB.  of  birda,  not  reported  in  North  America.  The  larval  stage  in  Succifiea  is  a 
iporocyst  which  sends  into  the  tentacles  of  the  snail  branches  that  are  bajided  in  ixilor  and 
are  bitten  off  by  birds.    Reported  in  a  personal  letter  by  Mr.  Bryant  Walker  who  found  it  in 


158  (157)    Genital  pore  ventral,  median,  just  anterior  to  posterior  testis. 

Basstilesia  Hall  1916. 

Very  small  oval  distomes,  nearly  round  in  cross  section.  Skin 
with  minute  spines  in  anterior  region.  Suckers  smaU.  nearly 
equal.  Pharynx  and  esophagus  present,  equal  in  length;  irura 
irregular,  reach  to  posterior  end  of  body.  Excretory  bladder 
minute  with  two  delicate  lateral  branches.  Genital  pore  ventral, 
slightly  dextral,  midway  from  acetabulum  to  posterior  end.  Cir- 
rus Eoc  fla^-^iaped,  large;  dmis  long.  Testes  large,  one  in 
extreme  posterior  r^^n,  nearly  median,  the  other  near  center  of 
body  on  left.  Ovary  small,  round,  ventral  to  right  intestinal 
cecum,  near  anterior  margin  of  posterior  testis.  Vitellaria  lateral 
in  anterior  half.  Uleras  in  anterior  region  of  body,  moderately 
developed,  mostly  pretesticular  but  with  a  single  loop  between 
the  testes. 

Eggs  13  by  JO /i. 

Single  American  species. 
Basstilesio  tricolor  (Stiles  and  Hassall)  1894. 

■'MafftffieA'   (Afterstiles.)" ' 


t59  (64)     Distomes  of  separate  seices. 

Family  SCHiSTOSOMATmAE  Looss  1899. 

Adults  parasitic  In  blood  vessels  ol  man,  cattle,  and  birds;   not  yet  found  in  North  America. 
Cercariae  very  similar  to  those  of  this  family  occur  in  North  American  snails. 
Compare  furcocercoui  cercariae  141  (146]  in  this  key. 

160  (63)     Special  adhesive  organ  behind  acetabulimi.     Anterior  region  with 
holdfast  organs  usually  distinctly  separated  from  posterior 

region  with  genitalia Suborder  Holostomata  Ltihe. 

The  genas  CyaAocatyte  without  differentiated   regions  has  not  been  recorded  in  North 

Only  family  represented. 

Family  Heuistoiodae  Brandes  1888  .  .  161 
Distomes  with  body  more  or  less  distinctly  divided  into  two  regions.  Anterior  region  spoon 
or  cup-ah^ied,  serving  as  adhesive  organ.  Suckers  pocrly  developed,  but  with  peculiar  post- 
acetobular  sucking  organ.  Posterior  region  cylindrical  or  ovoid.  Intestinal  crura  extend 
to  posterior  end.  Excretory'  bladder  in  fonn  of  subcutaneous  network.  Genital  pore  at 
posterior  end.  Ndtbec  cirrus  sac  nor  drrus.  Ovaiy  and  testes  in  series  in  posterior  region. 
Vitellaria  oonqncuously^  developed.  Uterus  short  with  few,  very  large,  thin-stieiled  eggs.  No 
aHemation  of   generations.     Develop  with  intermediate  host  but  without   alteniatian  of 


Puaaitic  in  intestine  of  Anmiota. 
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i6i  (i66)     Adult  forms  with  developed  sex  organs.     . 
162  (165)    DoL-sal  surface  without  special  suckers.  .    . 


163  (164)     Anterior  region  flat,  with  foliate  margins,  sharply  set  off  from 
posterior  region Uemislomum  Diesing  1830. 

Anterior  region  mote  or  less  in  the  form  of  a  cone  opemng  an- 
teriorly  and  ventrally.  Acetabulum  often  covered  by  special  ven- 
tnl  holdfast  organ,  not  larger  than  oral  sucker,  in  one  case  entirely 
lacking,    Seiual  pon  doraal. 

North  American  species. 

Hemislomum  craterum  Barker  and  Noll  1915, 

Length  0.75  to  1.S9  nun.  Cephalic  region  o.6j  to  0.79  mm.  tong 
by  0.41  to  0,49  mtn.  wide.  Caudal  region  o.iS  to  0.47  by  0.10  to 
0.36  mm.  Adhesive  disk  large,  flattened  cone  with  crateriform 
top.  without  papillae. 

An  unnamed  species  is  teconled  (rom  DiJdpkit  virtinimm  by  C. 
Curtice. 

Fic.  711.    Btmiiltmiimcniirtim.    Veslnlview.    MicBmed.    (After 


164  (163)     Anterior  region  cup  shaped,  with  anterior  circular  entrance. 

Strigea  Abildgaanl  1790. 
Frequently  called  Bohitamum,  a  name  of  later  date. 

Anterior  region  sbarply  set  oS  from  pualeiior  by  circular  groove.     Flattened  lateral  region 
united  ventrally  to  a  cup,  with  mouth  at  anterior  end.     Concealed  in  this  cup  smalt  acetab- 
ulum and  posterior  adhesive  organ  in  form  of  a  papilla  eil  ending  to,  mouth  of  cup.     In  genital 
pore  a  well  developed  genital  cone;  opening  terminal- 
North  American  species Sirigea  cornu  (Rudolph!)  1819. 

Recorded  from  Ardea  keraduu  in  Maryland  by  Sriles  and  Hassall. 

Another  spedes  described  by  Leidy  as  Halastemum  nilidum  from  the  small  intestine  of  Rana 
fipieni  is  according  to  Stafford  a  distome,  and  11  so  could  not  be  placed  here. 

165  (163)     With  row  of  suckers  on  dorsal  surface. 

Polycotyle  Willemoes-Suhm  1871, 
Type  species  Palycolyle  ornala  Willemoes-Suhm  1871. 

Length  4.S  mm      Posterior  region  growuig  larger  posteriorly,  longer  than  anterior.     In 
mid-dorsal  line  14  or  15  suckers 
In  intestine  of  iUigator  luaiu    Charleston  S  C. 


I.    Ptiycelyli  nmOa.     X  >;.    (After  \ 

166  (161)     Larval  forms;  sex  organs  wanting  or  only  partly  developed.  .     167 
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167  (168)    Larval  forms  with  an  oval  sucker-like  depression  on  cadi  side  of 

the  oral  sucker 7"eiraco(yfc  Filippi  1854. 

Body  pynform  or  oval.  On  each  adc  of  onl  nickn  an  aval  Eroove,  not  muscuUr,  with 
porta  of  q>edal  (<3'M<«eaoui  ?)  glaods. 

Encyatcd  ia  oioUvaka  aod  votebrates.  European  forms  belung  to  vukiiu  •pedes  of  Slriitc. 
Ruttger  found  tbese  larvae  in  Limnaea  itapimj  and  fed  tlietn  to  ducka;  ten  days  later  he 
obtained  maluie  bolostomids  (qiecies  not  (liven).  Leidy  recorded  T,  typUa  from  LtmiMM 
ealaicopiuni  and  Pkjia  kdereitrfplia  (cf.  iji  in  this  key).  Other  UDdesoibed  spedea  eni^ed 
in  North  American  froga. 

168  (167)     Larval  forms  without  sucker-like  depressions  at  the  side  of  the 

oral  sucker Diptostomulum  Brandes  1S92. 

Body  flattened  with  lateral  mBrgins  turned  ventrad  In  anterior  ruioo;  short  tip  rerments 
posterior  region.    On  anterior  margin  near  oral  sucker  group  ol  Kland  pores  an  each  aide. 

Several  spedea  encysted  in  body  of  fishes,  or  free  in  optic  bulb  of  sunilar  hosts.  Belong  to 
various  Bemi^«mum  species  (cf.  ija  in  this  key). 

A  form  is  frequent  which  has  been  identified  as  D.  ctdicela  (v.  NordmBDn),  tlie  larva  ol 
Btmiihmum  demituliilum  (Rud.)  common  in  Europe.  It  hu  been  reported  from  ninfish, 
perch,  MuegHI,  pumpkin.sad,  minnows,  homed  dace,  rock  bass,  small-mouthed  black  bass, 
pike,  and  other  fish  from  .Canada  to  Iowa.  Nat  a.  few  of  the  larger  cysts  contain  two  worms, 
one  usually  much  unallec  than  the  other. 

Cooper  found  a  form  in  the  optic  lens  in  young  Uicrotlenii  dthmiai  which  he  identified  .as 
Dipioilomutum  nrfveni  (von  Nordmann). 

169  (i)    Larval  forms;  sesual  organs  entirely  wanting  or  at  most  only  partly 

developed 170 

A  lew  encysted  forms  are  described  that  contain  eggs  and  are  of^iarcntly  sexually  mature. 

170  fi7i)     Young  flukes,  encysted  or  free,  always  without  caudal  appendage. 

Agamodistontum  Stossich  1892. 

Many  immature  forms  whose  relationship  to  adult  tjrpcs  has  not  yet  been  determined. 
The  group  ii  artificial,  temporary,  and  collective,  including  all  agamic  flukes  with  two  suckers. 
Agamic  forms  in  other  groups  have  been  given  special  names  as  noted  in  connection  with  the 
deicription  of  the  adults. 

Forms  of  this  sort  are  mentioned  frequently  without  spedSc  names.  Named  forms  are  also 
OD  record,  eg.  A.  apodis  (Packard  1881)  from  the  ovisac  of  Apia  from  Kansas,  a  unique  record 
of  a  distome  in  a  phyllopod  crustacean,  but  without  data  adequate  to  tix  the  spedes. 

All  forms  descnb«l  as  encysted  cereariae  belong  in  this  subdivision  rather  than  in  the  next 
snce  the  two  marks  of  distinction  between  the  two  are  the  tail,  which  is  cast  off  when  the  lar\-a 
encysU,  and  the  cystogenous  glands,  pure  larval  organs,  that  ore  emptied  in  this  process  and 
disoiqjear. 

Various  spedes  which  bdong  here  have  been  recorded  without  description  under  other 
names  as  "HeterostinHuin  tchinalum  Dlcsing"  of  Lddy  from  the  oviduct  of  Paluditu  "quite 
common, "  and  DUtttmuin  laitrapftruliailaliim  of  the  same  author  from  Hdix  arhorta. 

171  (170)     Caudal  appendage  present,  usually  simple,  sometimes  modified, 

even  greatly  reduced,  rarely  absent.     .     Cercaria    .    .     172 

No  bard  and  last  line  can  be  drawn  between  this  group  and  the  last  nnce  a  few  tailless  cer- 
eariae are  known.  Furthermore  the  transition  in  any  case  will  be  mstanlaneous  when  ftis 
cercaria  under  stimulation  casts  off  its  tail,  which  happens  normally  as  well  as  in  cultures. 

Small,  barely  vl^le,  microscopic,  free-living  forms  of  nniple  trematode  structure,  having 
a  triclad  alimentary  canal,  A  tail,  single,  double,  branched,  setose,  or  otherwise  modified  is 
tiearly  always  present,  and  is  the  efficient  organ  of  locomotion.  Rarely  the  tail  is  rudimentary 
or  entirely  bcking  and  the  form  can  be  clas^fied  here  only  by  its  strong  rvMmbUnce  in  other 
features  to  the  tailed  larvae.  The  reproductive  organs  ore  always  rudimenlarj^,  and  Sometimes 
entirely  wanting.  Ai  most  one  can  distinguish  masses  or  cords  of  cells  thut  indicate  the  loca- 
tion of  future  organs.  Faust  has  found  that  these  agree  fully  with  adult  conditions.  Pruini- 
nent  larval  organs  are  the  stylet,  a  baring  spine  in  the  anterior  lip  above  the  oral  sucker,  simple 
eyes  appearing  a.)  pigment  spots  on  the  anterior  dorsal  region  usually  near  the  brain,  conspicu- 
ous dermal  glands  that  in  one  group  are  designated  stylet  glands  and  in  another  are  assigned  a 
cystogenouB  function  and  are  perhaps  always  digestive  in  character;  I  hey  present  varied  features 
in  diOer^nt  spedes.     All  of  these  constitute  useful  spedlic  characters. 

Vecy  few  North  American  species  have  been  described  and  the  brief  records  that  exist  are 
in  most  cases  adequate  only  for  the  definition  of  groups  rather  than  species  in  the  true  sense. 
Host  of  the  following  subdiviuons  of  the  key  are  lo  be  regarded  in  thai  lighL. 

Some  names  in  use  Uke  Ctrcarii  biliiuata  Hald.  can  bave  even  no  general  aigniflcaace  since 
the  original  reference  contains  no  data  that  will  fii  the  species. 
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172  (173)     Mouth  opening  some  distance  from  anterior  raid,  near  center  of 
ventral  surface.     Intestine  rhabdocoel. 

Gasterostomous  or  Thabdocoelous  cercaiiae. 

AlimenUiy  cznai  aboit,  ample,  rad-abs.pal.  Swimmiag  organ  in  the  form  o[  two  long 
nuTow  appendages  directtd  obuguely  right  and  led  (ram  poaterior  end  of  body  in  the  ooly 
knowa  type.  Larval  ataga  of  Buctph»lid«e,  such  as  the  well-known  Bucephalus  poiymorfiui 
von  Baer  of  Europe, 

Nat  yet  reported  on  this  continent  though  the  adult  (see  ig  in  thii  key)  is  known  here. 


17s  {178)     Cercariae  without  median  eye  in  cephalic  region 176 

Under  the  deai^ation  "median  eye"  ia  mduded  alwaya  an  optic  cup  with  pigment  lining 
and  an  optic  cell;  part  oi  these  are  found  in  certain  developmental  stages  but  ia  apeciea  in- 
cluded under  this  heading  disappear  90  Chat  the  atmcture  never  becomes  complete. 

176  (177)     Six  pairs  of  large  gland  cells  in  tail. 

Cercaria  urbanettHs  Cort  1914. 


Length  o.3>  to  0.54  mm.,  width  o.ii  to  0.1  mm.,  tail  0.1  to  1.1  nun.  long  and 
o«j  mm.  at  base.  Develops  in  rediae.  An  active  swimmer.  Encysts  on  solid 
objects.  Cysts  ahapcd  like  thick  discs.  Moves  over  surface  by  aid  of  two  pro- 
jections one  at  each  postcro-Uteral  angle  of  body  and  witb  cuticular  knob  in 
tip.  Heavily  pigmented,  especially  near  anterior  end.  A  pair  of  lateral  eyes; 
'-' — nediate  pigment  nucleus  present  in  later  stages,  but  no  op^c  cup  or  ceU  at 
Cystogenous  glands  abundant.    From  Physa  tyrind  at  Uibana. 


I^i^ 


177  (176]    Six  groups  of  paired  gland  cells  in  tail,  each  pair  dove-tailing  into 

the  one  next  anterior.     ....     Cercaria  kcmadensis  Faust. 

Cercaria  0,4  to  0,46  mm.  in  length,  o.i  to  0.16  nun.  in  width.  Tail  0.4  to  0-45  mm.  long  t^ 
0,0^  to  0.04  mm.  diameter  at  base.  This  apedes  possesses  no  rtiedisn  pigment  area  in  cephalic 
regton.  Glands  of  posterior  locomotor  organ  large  and  prominent.  Cercariae  and  rediae 
aspuiase.    Germ  balls  arise  from  central  germinal  raciiis  in  subdistal  region  of  redia. 

From  liver  of  Lymiuea  praxima  Lea,  Bitter  Root  River,  Corvallil,  Montana. 

178  (17s)     Cercariae  with  median  eye  or  median  pigment  area  in  cephalic 

region.     Larger  species  than  preceding. 179 

179  (180)    Distinct  mobile,  evertible  spinose  pharynx. 

Cercaria  peUucida  Faust. 
Length  0.4  to  o.T  mm.,  width  0.18  to  0,1  mm.  Tail  o,s  mm.  in  length,  0.01  mm.  in  diam- 
eter at  base.  No  large  gland  cells  in  taQ.  Rediae  jxovided  witb  multispinose  evertiUe 
piercing  ornn  in  pre^iaryni  region.  Germ  balls  anae  from  caitral  gvna  cells  in  distal 
region  of  redia.  From  liver  intersticesol  Phyia  tyrina  Say,  Bitta  Koot  River,  Fort  Missoula 
and  Corvallis,  Montana. 

180  (179)     No  evertible    spinose    pharynx   mentioned    (imperfectly  known 

spedes) 181 
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181  (183)    Body  dark  brawn,  or  blackish. 

Cercario  kyalocauda  Haideman  184a. 

Very  impetfedbr  known.  The  lonn  detcribcd  under  this  nunc  by  Evuls  (iSSo)  tuts  ■  body 
0.47  luni.  long  UM  0.94  mm.  wide  with  a  tail  0.55  mm.  long  uid  0.1  mm.  wide  in  Duiiinum. 
Cyst  0.3]  mm.  in  diameter.  Body  dark  brown  or  blackish.  Two  eye  spots  and  smaUer,  leaa 
dntinct  pinaeot  mass  between.  Tail  semitranqiannt,  corrugated  when  contiu:ted,  active 
k»g  after  detachment  from  body. 

Evaits'  description  of  the  livini;  organiui  shows  it  is  much  like  C.  wbaaaisis  though  ea^ 
disllnguiihable  ^  greater  size  of  tarva  and  cyst.  Haldeman's  acooimt  is  entirely  inadequate 
to  dineceDtiate  the  fonn  and  suffices  only  to  place  it  ia  this  group.  Taken  in  numben  Eron) 
fkyta  heUriilrepka  Say  by  Bvttrta. 

182  {181)     Body  white.     Doubtful  fonn. 

Cercaria  (Gknocercarta)  lucania  Lddy  1877. 
Length  0:5  mm.  White,  ovoid,  with  conical  tail  equal  to  or  longer  than  body  and  [mjuently 
moniliform.  Two  »es  with  intermttUate  black  [ngment  spot  and  smaller  scattoed  pigment 
spota  near  them.  Produced  in  bright  orange-colored  sporocyata  which  art  tylindncal  uid 
bluntly  rounded  at  the  cods.  Leidy  calls  this  a  Monoilomo,  and  all  data  given  agree  with 
that  concJusion  except  that  his  descriptioD  lists  an  Bcetabulum  which  would  make  it  a  dlt- 
tome  cercaria.    Abundant  in  Plamarbii  pami  found  near  Philadelphia,  Fa. 

183(174)    More  thao  one  suiter 184 

184  (350)    Oral  sucker  well  developed;  genital  atrium  not  modified.     .     185 

185  (190)     Second  sucker  ventral  and  at  posterior  end  of  body. 

Ampbistome  cercariae.  .    .     186 

According  to  studies  on  European  spedes  the  cercaria  of  ParampkiOoma  cenii  lacks  pock«ts 
in  the  oral  sucker  and  has  a  connectioD  between  the  longitudinal  excretory  vessels.  It  bdong* 
to  one  subfamily.  All  other  known  cercariae  in  this  group  belong  to  another  subfamily. 
They  have  the  pockets  in  the  oral  sucker  and  a  muscular  enlaiKement  of  the  esophagus  at 
the  bifurcation  of  the  intestinal  crura. 

186  (189)    Cercariae  separate,  not  attached  in  bunches 187 

••  described  below  is  the  larval  form  of  Difladiaaa  temptrahu 


Anterior  half  of  body  pigmented.  .    .  Cercaria  inhabUis  Cort  1914. 


Large,  pigmented  form,  sluggish  b  movement.  Swims  slowly  in  open 
water,  does  not  progress  on  substratum.  Two  large  eye  spots  with  leues. 
Cystogenous  glands  thickly  developed  both  dorsalh'  and  ventfally.  Tail 
lightly  attachni  above  acetabulum  and  easily  lost.  Location  of  genital  or- 
gans distinctly  indicated  by  four  dense  mosses  of  nuclei  coonected  by  fine 

From  Ptonarbu  Irivehit,  Lawrence,  Kan.,  and  Urbana,  111. 
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i88  (187)     Hgment  in  limited  area  near  eyes. 


Ctrcaria  diastropha  Cort  1914. 


Smallrr  Ihan  last,  rye  apots  Urg«r  in  proportion.  Pigment  confined  lo 
limited  are*  near  eye>.  Tad  slwiyt  ihotter  than  iMdy.  Genital  orguu  dis- 
tinctly muked  out. 

Fid.  71!.    Ctraria  itailnfk:  nntiin.  dotul  view.    CntofOHHU  ^Imndt  not  iIkiwd. 
X  60.    (Aflet  Cort.) 


9  (186)    Cercariae  grouped  in  bunches  with  individuak  united  by  tips  of 
tails,  which  are  very  long  and  slender. 

Such  lotmi,  designated  RaUmliMt- 
circarieH  by  their  diicoverer,  Leuckait, 

are  as  nic  as  they  an  striking.  C. 
claiaii  Iram  the  marine  fauna,  the  only 
lotm  o[  tUs  type  known  previously, 
waa  delermincd  by  Odhnei  to  belong 
io  PhyaoiulemHmJalium.  The  itrik. 
ing  peculiarily  in  that  the  cercariae 
are  joined  in  groups  is  evidently  not  of 
fundamental  importance  as  the  marine 
form  (C.  dataii^  and  the  species  noted 
here  belong  to  different  orders  of  trema- 

North  American  species. 
Cercaria  gorgonocephala 

Ward  igifi. 

Fifty  01  more  cercariae  in  a  single 

bunch.     Tail,  i.e.,  stalk,  enlii^  at 

base  with  thick  wall.    Vellow  pigmeat 


ody.     Stalk  maiked  by  t< 


tudinal  lines  ol  daric  pigment,  attached 
to  poatero-dor^  aspect  ol  worm- 
Fro.TrS,    Ccrcnna  nrfnocf^jtola.    Free- 
hand ikeldi  liom  Uld.   X4°.  (Orifiaal.) 

190  (185)     Second  sucker  ventral,  not  at  or  near  posterior  end  of  body. 

Distome  cercariae  .    .     191 

Some  distome  cercariae  are  nadily  recognizable  by  characteristic  Eealures  of  adult  struc- 
ture like  the  collar  and  spines  ol  the  Echinoslomidae  which  are  as  prominent  in  the  cercaria 
as  in  the  adult,  and  apparently  identical  in  (arm  and  arrangement.  In  the  mB)ority  of  cases, 
however,  the  various  groups  o(  distome  cercariae  at  present  recognized  are  purely  arbitrary 
as  Ib^  are  based  on  superficial  chacartefs.     But  the  system  cannot  be  rewritten  until  much 


191  (147)     Tail  present  in  larva 191 

The  name  Cercaria  is  appUed  strictly  only  to  such  larvae  as  possess  a  tail,  though  the  tall 
may  be  thrown  off  at  an  earl/  perijd. 

iga  (234)    Tail  not  conspicuously  modified  in  form  or  divided  into  regions.     193 
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»93  (333)     Toil  alender,  never  as  broad  as  body  of  cercaria. 

Cercariae  leptocercae  .   .     194 

The  long,  slcndrr.  unbiancbed  tail,  which  even  In  duximiun  conlndlon  does  not  reach  tbe 

wldllioi  thebody.sndin  eitensioii  is  twice  Ihebody  kncthot  more,  is  (ouad  in  the  majority  oi 

distime  cercariae.    Tbe  anterior  end  of  the  body  lumishes  dalii  (or  the  subdivision  of  tbeie 


194  (199)    Anterior  end  rounded,  entirely  devoid  of  spines. 

Gymnocephalous  cercariae  .    .     195 

So  far  as  known  these  [omu  develop  in  rrdiae.  Many  exist  on  this  cootinCDt  which  have 
Dot  been  reported,  loT  auiny  adults  are  listed  id  the  eaiBer  sections  of  tiiis  kn  which  must 
possess  such  larvae  as  one  may  inier  from  European  studies  on  related  species.  These  ceicariae  . 
are  convenient  ly  subdivided  on  the  structure  of  the  tail  which  io  all  is  a  prominent  oigin  but 
which  in  some  does  not  (unction  as  a  swimming  organ. 

195  (196)     Tail  simple,  not  provided  with  fin-folds  or  terminal  sucking  organ. 
Three  diflerent  forms  may  be  noted  without  attempting  to  analyze  them  in  the  key. 

Cercaria  {Gynnoctphala)  ascoidea  (Leidy)  1S77. 

Length  0.35  to  04  mm.  Body,  white  davate;  [all  long,  narrow,  cylindrical,  poioled. 
Cephalic  end  triangular  and  slightly  constricted  from  rest  o[  body.  Acetabulum  at  or  bcUnd 
center  of  lx>dy  often  protruded  into  a  cone  or  expanded  ioto  a  cup.  No  eyes.  In  movement 
excessively  elixigated.  Rediae  white;  head  distinct  from  cylindrical  body,  with  birth  pore 
and  caudal  [solongBtion. 

Abundant  in  PbHerbu  partus  and  found  free  in  water  containing  that  species.  Leidy  is  in 
error  in  identifying  this  form  as  Ctrcaria  muiula  Nitzach  of  Europe. 

Cercaria  agUis  Leidy  1858, 
Body  pyriform,  oral  sucker  hirge,  acetabulum  dightly  larger,  near  middle  of  body.    Tail  M 
long  as  body,  clavate,  transversely  plicate.    White.    Very  active. 
round  in  Delaware  River;  ordmarily  with  snails.    Common. 

Cercaria  fasciolae  hepaiicat. 
AtdW  frequent  in 
n  points  in  North 


196(195)     Tail  modified,  having  fin-folds  or  terminal  organ 197 

197  C198)     Tail  provided  with  dorsal  and  ventral  fin-folds. 

Cercaria  reflexa  Cort  1914. 


Develops  in  rediae.    En(3[sta  in  same  suul  as  redia  inhabits  or  other 
snail  of  the  same  spedes.    Tail  as  long  as  body  or  longer,  provided 

withdoiwland  ventralGns.  Cystogenous  glands  abundant.  Esoph- 
agus long,  fine;  also  crura;  bifurcation  at  anterior  level  of  acetabu- 
lum. Onital  organs  marked  out  by  four  maascn  of  nucld.  Cort 
believes  this  form  b  undoubtedly  related  to  the  Echinostoroes,  but 
the  q>ines  are  not  yet  devekqjed.  All  other  characters  accord  with 
this  view.     From  Lymnata  refirxa,  Chicago,  lUioois. 


Companiji  {131)  in  this  key. 
Cercaria  refiexa,  vc 
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198  (197)     Tail  long  with  terminal  organ  for  attachment. 

Megalurous  cercariae. 
Single  American  species  known. 

Cercaria  megalura  Cort  1914, 
Develop  In  rediae.  Cystogoious  glands  abundant.  Does  not  swim  in  open  watei  or  use 
tail  as  swirnmiiig  orgoji,  but  as  a  stalk,  becoming  HttHchoi  by  the  adhcHive  organ,  a  group  of 
unicelluLai  gLanda  at  the  tip.  The  tail  has  (he  power  of  elongating  very  greatly.  In  this 
position  the  worm  waves  or  vriggLes  about  in  a  serpentine  fashioD.  Wben  taken  up  in  a  pi- 
pette it  eocysta  quickly  and  Cliis  seems  to  be  normal  on  contact  with  fresh  water. 

From  PUurocera  elraittim,  Sangamon  River,  111.,  and  Ganiobasii  nrfiitica,  Princeton,  N.  J. 
Adult  unknown.    Reproductive  organs  indicated  by  two  masses  of  nudu  joiited  by  line. 

199  (19s)     One  or  more  spines  present  at  anterior  end 100 

300  (114)     .'interior  end  provided  with  single  median  boring  spine. 

Stylet  cercariae  .    .     301 
Tbese  forms  called  Acanthocepbala  by  Diesing  and  Xiphidiocercariae  by  LtUie  are  dudut- 
ous  and  pefhaps  not  closely  relitnl :  even  ii  the  stylet  cercariae  do  belong  to  different  adults. 
their  assemblage  in  a  single  group  Is  convenient. 

Small,  slender-tailed  cercariae  with  rounded  anterior  margin,  bearing  a  daager-sh^ied 
boring  spine  or  stylet,  usually  in  the  upper  lip  of  the  oral  sucker.  The  form  oHthis  organ 
u  very  defiiute  in  each  species  and  varies  between  diSerenl  spedes  distinctly  enough  to  form 
i-i  many  coses  a  vaiuabli^  mark  tor  diagnosis.  Eye  spots  are  usually  wanting,  Devebpment 
In  qKTOcysts  is  most  frequent  and  encystment  in  a  second  intermediate  boat  usual  in  species 
of  which  the  development  is  known. 

301  (317)     Tail  slender,  not  provided  with  special  organs  (bristles,  fin-foid) 

or  regions io3 

303  (303)  Stylet  glands  few  in  number,  not  more  than  four  on  each  side. 
Tail  attached  to  median  posterior  extremity,  not  arising 
from  distinct  caudal  pocket.      .    .     Cercariae  microcotylae. 


le  presence  of  a  caudal  pocket  with  n 
.    Two  species;  not  analyzed  in  key. 

Median  stem  of  excretory  bladder  elongate,  club-shaped. 

Cercaria  kpiacanlha  Cort  1914. 
Body  oval;  circular  in  cross  section,  0.1 1  mm.  long  by  0.06s  mm.  wide. 
Tail  slender,  shorter  than  bod^.   Stylet  small.   Not  fully  developed.    Sur- 
face in  living  specimen  with  tughly  refractive  prominent  globules  of  diffef- 


,    Cattria  kftacanOa.  ii 


Median  stem  of  excretory  bladder  short. 

Cercaria  caryi  Cort  1914. 


303  (303)  Stylet  glands  more  numerous,  six  or  more  on  each  side.  Tail  aria- 
ing  from  posterior  caudal  potJtet,  ventral  to  excretory 
bladder Polyadenoua  c 
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304  (no)     Caudal  pocket  present,  distinct,  devoid  of  hooks  or  spines. 


305  (306,  307)     Ceca  short,  lateral  tninks  of  excretory  bladder  circumscnbe 
acetabulum. C.  brmcaeca  Cort  1914. 


Body  elongate  oval,  0.3  nun.  long.  0.14  mm.  wide.    Ta3 
slender  in  length  about  equal  to  body.     Oial  sucker  0.081 
tabulum  0.087  mm.  in  diameter     SUrlet  glands  10  to  1 3  oneaa 
'  ceca  short.     Anterior  half  of  body  apiiioua.    A  poor 


[HOloUBsll 

(After  Con 


ao6  (loSi  107)     Ceca  arise  directly  from  pharynx  region,  excretory  bladder 
muscular,  crenate,  capable  of  great  distension. 

Cercaria  crmata  Faust. 

Body  length  0.95  mm.,  width  o.ij  mm.  Tail  weak,  o.is  too.T6  nun,  in  leo^,  o.oi  to  0.03 
nun.  wide  at  baie.  Body  oblong-ovaCe.  with  deep  pocket  at  posterior  enrenuty  for  reception 
of  tail.  Stylet  gtaods  13,  S  in  outer  soies  and  5  in  inner  seriea,  minute,  extending  to  mid- 
acetabular  r^ion.  Esophagus  lacking,  Sporocysts  small  oblong-ovate.  In  liver  Uasue  of 
Ljmnottt  prBiima  Lea  from  iprings  at  Fort  Missoula,  Montana. 


ao7  (305,  ac6)    Ceca  undeveloped,  excretory  bladder  bicomuate. 


^ r _, ^aatropoda,  t..,_ ___.  . ,  __,  __, 

■  small  post-central  acetabulum,  a  stylet  3a  it  long,  with  sj 
■de  in  front  of  acetabulum,  aod  a  bicomuate  excretory  bladder. 
ably  belong  to  the  Plagiorchiini""     »'-■•----  '-  ' -■' 


:  stylet  glands  on  each 


Sbi  stylet  glands  on  each  ^e.  Cercaria  Uocoiylta  Cort  1914. 


Develops  ii 

lively  large.     _..,—  , , -.   

pore  dorsal,  at  base  of  tall.  Genital  glands  indicated  by  nuclear  n...-_ 
dorsal  and  anterior  to  acetabulum,  and  a  larger  mass  dorsal  and  pos- 
terior, but  connected  irith  the  former  by  a  band  on  left  margin  o(  ace- 
tabulum. 

From  Ptanorbii  frnoMi  at  Urbana,  lUinob. 


■jocoiyita,-  a.  \ 


.    b,  stylet,  valid  and 
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ao9  (208)    Twelve  stylet  glands  on  each  ^de.     Cercaria  polyadena  Cort  jgi4. 


Encysts  lodily.  Tail  active,  nuily  detaclied,  lomewliat  larger  than 
ia  last  iqiedes.  Oral  sucker  snialler,  stylet  glands  more  numerous.  Body 
also  larger  than  focmer  qxdes.  Genital  system  markedoul  I^S-abaped 
nuclear  mass,  elongate  and  dorsal  to  acelabulum. 


X  »7.    1.  itylM,  vcDIraJ  vitw. 


aid  (J04)    Caudal  pocket  distinct,  provided  with  hooks  or  spines  that  arc 
mostly  situated  in  postera-lateral  sacs 311 


III  (212)     Digestive  tract  naked,  o 

Body  length  0.3S  to  0.40  mm.,  width  o.t6  to  o.i 
0.04  mm.  wide  at  base.    Body  obovate,  muscular;  c 
.    Eicretory  bladder  U^,m 


cysts  in  liver  ol  Lymnaea  praxima  Lea,  ^ughs  of  Sitter  Root  River,  Fort  Missoula,  Montana. 

lu  (211)     Digestive  tract  provided  with  special  glands,  in  addition  to  stylet 
glands.    Ceca  developed ai3 

213  (214)     Glands   along   entire   course  of  digestive  tract.     Three  median 

spines  on  lip  of  caudal  pocket.    .  Cercaria  glandulosa  Faust.. 

Body  length  04s  nmi.,  width  0.2  mm.     Tail  length  0.3s  mm.  by  o.oj  to  0.06  mm.  at  base. 
Body  oblong-ovate,  acetabulum  slightly  behind  center  ol  body,  smaller  than  oral  sucker.  . 
Esophagus  long,  ceca  short,  unicellulai  g^ds  along  entire  digestive  system,     Cuticula  delicate. 
Eight  ceirfi^ic  glands.    Body  hllcd  with  cystogenous  glands.     In  sporocysta,  in  liver  of  Fkyta 
tyriua  Say,  Bitter  Root  River,  Corvallis,  Montana. 

214  (213)     Glands  in  pharynx  region  only,  spines  confined  to  pockets  of 

caudal  pocket.     215 

215  (216]    Ceca  attenuate,  excretory  bladder  with  long  median  shank. 

Cercaria  diapkana  Faust. 
Body  oblong^ovatc  to  ovate.  Acetabulum  median,  about  half  size  of  oral  suclcer.  Phaiynx 
small,  surrounded  by  great  mass  ol  unicellular  glands.  Cephalic  glands  8,  anterior  to  cecal 
bifurcation.  Stylet  set  with  an  internal  spine  at  anterior  end.  Body  length  o.j  to  0.16  mm., 
width  0.10  to  0.1a  mm.  Tail  o.ij  mm.  in  length  by  0.04  mm.  wide  at  base.  In  oblong 
ifWTOcysts  in  liver  tissue  of  Lymtmea  proama  Lea,  Bitlei  Root  River,  Corvallis,  Montana. 

216  (215)     Ceca  inflated,  excretory  bladder  bicomuate,  inSated, 

Cercaria  mkropharynx  Faust. 
Body  minute,  ovate,  covered  with  fine  spines.  Acetabulum  mid-ventral,  smaller  than  oral 
sucker.  Pharynx  extremely  smali,  esophagus  short,  ceca  inflated.  Digestive  glands  in  pre- 
pharyni  region  only.  Body  length  o,iS  mm.,  width  0,09  mm.  Tail  0.14  mm,  in  length  by 
0.03  mm,  at  base.  In  oval  aporocystswith  well-deveioped  excretory  tracts.  liver  of  Lymnata 
pnxima  Lea,  Rattle  Snake  Creek,  Missoula,  Montana. 

317(201)    Tail  modified,  not  of  simple  form 31S 
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319(220)     Eye  spots  present Cercaria  racemota  Faxist. 

Body  length  0.29  mm.,  width  o.ii  mm.  TatI  o.ii  mm.  In  length  by  0.04  mm.  wide  at  base. 
Body  ovate,  oral  sucker  small,  acetabulum  somewhat  smaller.  Esophagus  long,  ceca  9hort. 
extdiding  around  acetabulum.  Eicretaiy  tubules  multi-dendritic.  Tail  with  lateral  ruffled 
fin-folda.  Stylel  delicate,  attenuate.  In  polygonal  spoiocysts  in  liver  ol  Lymiuita  prtxima 
Lea,  sloughi  ol  Bitter  Root  River,  Fort  Musoiua,  Houtaoa. 

310(319}     Eye  Spots  lacking '331 

331  (331)    Stylet  small,  without  thickened  region. 

Cercaria  hentUophura  Cort  1914. 


Body  oval,  0.3S  mm.  long,  0.14  mm.  wide,  densely  covered  with 
small  spines.  Tall  about  length  of  body,  extensile  to  double  body 
length,  with  fin  hall  as  wide  along  ventral  surface  of  distal  half.  Oral 
sucker  0.0G5  mm.,  acetabulum  0.049  Bmi-  m  diameter.  Stylet  small, 
without  thickened  region. 

Produced  in  orange-colored,  elongate  and  non-branching  axirocyata, 
mudi  twisted  together.    la  Physa  iyrina  from  Rocklord,  UlinoB. 


;)     Stylet  heavy Cercaria  platywa  Leidy  1890. 

Length  O.S  mm.,  body  oj  by  0.11  mm.,  tail  0,36  by  0.06  mm,  at  base,  width  with  mem- 
branous alae  0.14  mm.  Body  ovoid,  head  rounded,  oral  sucker  large  (0.08  mm.)  with  heavy 
stylet.  Acetabulum  0.06  mm.  Tail  nearly  as  long  as  body,  stout,  tapering,  corrugated, 
with  broad,  costate,  lateral  membrane. 

Taken  free  in  a  pool  wilb  Lymnata,  at  Fort  Bridger,  Wyo. 

333  (3i8)     Tail  short  and  peculiarly  modified.  ,    .    .     Microcercous  cercariae. 

Tail  short,  stumpy,  with  powerfully  developed  muscles. 
Not  a  swimming  organ,  but  used  as  a  prop  or  lever.  In 
the  Cotylocercous  cercariae  of  Dolifus  the  organ  is  Mill 
further  modiiied  into  a  type  of  sucker.  This  latter  group 
develops  in  sporocysts  and  is  mostly  marine. 

Only  species  thus  far  recorded  in  North 
America. 

Cercaria  (rigonura  Cort  1914. 


bS^,  c 


Body  0.14  mm.  long,  0.06  mm,  wide.  Tail  0.05  mm. 
long  by  0.014  mm,  wide.  Oral  sucker  0.049  mm.  long  by 
)  mm.  wide.  Acetabulum  just  back  ol  center  o( 
"n  diameter,  CutinJa  covered  with  fine 
ort,  blunt,  easily  detached,  triangular, 
folded  Into  groove.  Just  anterior  prominent  gland  open- 
ing into  the  head  of  this  groove.  Stylet  dorsal  to  oiKl 
sucker.  Stylet  glands  small  but  numerous.  Excretory 
system  bicomuate,  thick  walled.  Free  in  tissues  ot 
■lUils;   rediae  in  same  host.     No  tendency  to  encyst 

Found  in  CoMpehMiia  dtcimm  from  HartCotd,  Qmn. 
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324  (300)     Anterior  ent 

Tb«e  cerouiae  develop  in  rediae  which  have  collar,  birlh  pore,  and  posterior  kxmnotor 
appendages.  Tbey  an  chaiactcrized  by  tbe  coas{Mcuous  collar  and  spines,  also  found  in  the 
adult  distome.  The  esophagus  is  long  and  the  ceca  reach  to  the  posterior  end  of  the  bod]'. 
The  tail  is  long  and  powerful. 

22$  (228)     Collar  spines  in  a  single,  if  sometimes  slightly  irregular  row.  .     226 

226  (237)     Collar  spines  42,  rounded  at  both  ends;  excretory  trunks  doubly 

leflexed  in  cephalic  region Cercaria  bifiexa  Faust. 

Acetabulum  in  posterior  third  of  body.  Great  number  of  cephalic  glands  in  1  series,  50  lo 
60  in  each  series,  lateral  to  digestive  ceca.  Excretory  tubes  refleied  twice  in  cephalic  region 
preliminary  to  entering  lateral  trunks.  Bladder  long,  with  median  swelling;  scalerifonn  anas- 
tomosis of  excretory  tubules  in  tail.  Body  length  o.*s  to  0.5  mm.,  width  0.13  to  0.15  mm.  Tail 
about  same  length  as  body,  powerful.  Encysts  within  redia.  Redia  with  "feet"  in  posterior 
tlurd  of  body.  In  liver  tissue  of  Physa  gyrimi  Say,  near  Buckhouse  Bridge.  Bitter  Root  River, 
Montana, 

227  (226)     Collar  spines  36,  acute  at  distal  end;    excretory  tninks  arising 

from  triangiUar  anastomosb  in  cephalic  region. 

Cercaria  b^oknala  Faust. 

Deltoid  anaMomosis  of  tubules  from  3  flame  cells  in  cephalic  region,  preliminar]^  to  entering 
lateral  trunks.  Excretory  bladder  obtruncate.  Acetabulum  spinose  in  posterior  third  lU 
body.  Readily  encysts  in  free  slate,  easily  drops  tail.  Body  length  0.45  mm.,  width  o.i  mm. 
Tail  short,  about  0.1  mm.  Rediae  with  lateral  "feet"  about  one-third  distance  from  anterior 
end.  In  liver  of  PJiysa  gyrina  Say  and  Plariorbii  IrivalvU  Say.  Entire  length  of  Bitter  Root 
River,  Montana. 

238  (325)     Collar  spines  in  mature  cercariae  in  two  alternating  rows;    excre- 
tory trunks  reflexed  once 229 

229  (230)     Excretory  bladder  long,  attenuate;  43  equal  spines. 

Cercaria  rubra  Cort  1914. 


Cysts  large,  spherical,  thick-walled,  transparent.  Collar  lias  forty-three 
equal  spines  in  two  alternating  rows;  four  spines  on  each  side  of  mid- 
ventral  line  point  in.  Encysted  above  gills  in  Campdoma  decisum,  Hart- 
ford. Conn.  No  redia  foimd.  Known  only  in  encysted  stage  which  is 
really  an  AiOmodisltniuni  and  not  a  Cercaria. 


Fig.  IIS-    Crania  niira  i 


330  (339)    Excretory  bladder  ovoid  to  depressed  spheroid,  excretory  tnmk 
leflezed  almost  entire  length 331 


.dbyCoOgIc 


PARASITIC  FLATWORMS  421 

331(133)    Tail  simple,  unmodified Cercaria  triwlms  Con.  1914. 


Both  rediu  and  ccrauiae  in  PLnorUi  Irivelni,  UtfaUM,  IlUni^. 
Moves  actively  in  free  water  and  on  solid  bodies;  found  encysted  in 
sime  b09t  witii  rediae  and  cercame.  Nuclei  of  sei  organs  Id  tvo 
masses.  coDoected  by  slendet  thread.  Collar  canies  thtit^-seven  equal 
sfunes  in  two  alternating  rows;  two  or  three  qiines  near  mid-ventnd  line 
point  inward. 


^31(331)    Tail  with  lateral  lin-folds Cercaria  rejiexa  Cort, 

Tbough  without  oral  9|nii 
probab^  belongs  here  amonf 

Foe  discriptioD  see  197  (19 

333  (194)    Tail  simple  but  heavy,  when  contracted  exceeding  in  breadth  the 

body Rbopalocercous  cercariae. 

Listed  from  North  America. 

Cercaria  {Rhopalocerca)  Uwdigrada  Leidy  1858. 

Reported  by  Leidy  from  Aitodimta  spedes.  The  true  R.  lardigrada  is  Dili,  duplkatum  v. 
Baer  renamed  and  is  the  laj-va  of  Phymdislomuin  faUum  according  to  LUhe.  Perhaps  Leidy's 
form  is  the  larva  of  some  Amehcmi  species  in  that  genus. 

No  North  AmericBD  cercariae  have  yet  tieeo  well  described  which  fall  into  this  subdivision 
though  both  of  the  species  listed  by  Lilhe  Cor  Central  Europe  belong  to  genera.  AUBcrtadium 
and  Pliyllodislamum,  which  are  reported  here.  These  are  not  closebr  related  genera  and  the 
group  of  cercariae  does  not  appear  to  be  a  natural  one  as  at  present  constituted. 

Note  that  Odhno-  believes  that  the  larva  of  Pkytlodislonim  Jotium  occurs  in  bunches,  u 
ttated  in  1S9  (186)  of  this  key. 

334  (191)    Tail  well  developed  and  highly  modified 335 

335  (340)     Base  of  tail  envelops  body  of  young  distome. 

Cystocercous  cercariae  .   .     136 

o  which  is  folded  the 

236(237)    Chamber  globular,  small.    Tail  simple,  slender.    Europvean  type. 
Cercaria  macrocerca  Fjlippi  1854, 

These  forma  of  which  several  have  been  described  in  Europe  are  the  young  forms  of  Gortt- 
itrimu  (110  in  this  key).  The  adults  have  been  reported  from  this  country,  but  this  larval 
fonn  is  yet  to  be  identiScd  here, 

337  (336)    Chamber  large;    round.    Tail  flat,  forked,  anchor-shaped  with 

broad  terminal  flukes;  powerful  swimming  organ    .   .     338 
is  thus 

a  cercaria  is  reversed.    The  adults  are  unknown. 
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33S  ('39)    Distome  fills  three-fifths  of  stem  of  anchor. 

Cercaria  wrigkiii  Ward  1916. 

Liflgth  o.;s  mm.,  width  o.ijj  mm.  Flukes  meuure  o-si  by  o.i  mm.  Young  diitome 
0.45  by  0.1  mm.  G«ilit*l  nuUment  foniu  rod-like  mau  partly  preaceubulu  Bod  partly 
piMUtMtabubr. 

Originally  described  ai  a  free-awimmin);  iponK^  by  S.  R.  Wright,  it  was  shown  tv  obser- 
vatioDB  ol  Braun  on  the  £uropeaa  C.  imnaHJu  to  be  >  highly  modified  ccKaiia.  Found 
in  u  aquariua  at  Tonnto. 

339  (338}     Dbtome  fills  less  than  half  of  stem  of  anchor. 

Cercaria  anchoroides  Ward  1916. 


Lenglh   : 

curved,  tip.  .  _,  

by  0.J88  mm.     Germ  g , 

middle  third  of  body.     Ovaiy  poslacetsbulsr,  pre- 


Cfnorfo  wKhcrtUtr    Yoons  dtiloiiie  )uit  ■■ 


does  not  envelop  young  distome,  but  is  modified 

nt 

341  (346)     Modification  consists  in  forked  end. 

Furcocercous  cercariae  .    ,     241 
The  long  slender  tail  Is  qilit  in  its  distal  retfon  and  terminates  in  two  slender  branches, 
one-third  to  one-half  the  length  of  the  entire  structure.     An  unnatural  group  as  thii  modi- 
'  ficstioD  has  apparently  arisen  more  than  once  in  different  types. 

242  (243)    Cephalic  glands  with  short  ducts,  itever  reaching  acetabulum. 
^^  -    -  Cercaria  doutkitti  Cort  1914. 


Develops  in  sporocysts.  Tail  Ufid;  neai^  twice  aa  long  aa  body.  Onl 
sucker  very  laige.  TWo  pigment  eye-spots  with  lenses.  Eight  large  cephalic 
glands  in  posterior  ruion  with  ducts  opening  into  or  through  oral  suckers; 
no  stylet  found.  Singw  genital  nuclear  mass  at  posterior  ealremity  of  body. 
Found  in  Lymtnta  rrjiixa  from  Chicago,  lU. 


X  9»-    (After  CortJ 
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343  (141)    Cq^halic  glands  open  into  ducts  posterior  to  acetabulum.  .   .     344 

144  (145)    Cephalic  r^on  crowned  with  spines;  two  eye-spots  present. 

Cercaria  gracHlima  Faust. 

Jephalic  glands  in  posterior  third 

_  ^  I!  third  of  excretory  tnuiia.     Eye-q)ots 

.__^ 0  cephalic  ganglia,  unpigmented.     Gmita]  rudinient  extends  anterior 

to  acetabulum.  Tail  about  twice  body  length,  iurcae  of  same  length  as  undivided  portion.  In 
long  attenuated  sporocysts  in  liver  of  Fkyia  gyrina  Say,  near  BuckhouK  Bridge,  Bitter  Root 
River,  Montana. 

345  (344)     Cq>hallc  region  crowned  with  two  small  tubercules;   Q'e-^Kits 

lacking Cercaria  luberistoma  Faust. 

Body  length  0,1  nun.,  width  0.05  to  0.06  nun.  TaO  about  0.31  mm.,  furcae  equal  In  length  to 
undivided  portion.  Ct^ihalic  glands  small;  excretory  system  simple,  most  anterior  tubules  at 
tail  refleied,  bladder  muscular.  In  spoioiysts,  either  dunibbeU  shaped  or  attached  at  one 
end.  No  birth  pore.  Cercariae  escape  by  splitting  wall  of  sporocysts.  In  liver  tissue  of 
Phytt  fyrina  Say,  Bitter  Koot  River,  Corvallis.  Montana, 

346  (341]     Modification  conusts  of  lateral  spines  in  rows, 

Setiferous  cercariae. 
None  yet  recorded  from  North  America.    A  small  group,  mostly  marine. 

347  (191)     Tail  apparently  entirely  wanting 348 

The  tail  nay  be  small  and  easi]y_  lost  or  actually  not  developed, 

348  (249)     Develop  in  rediae  or  unbranched  sporocysts.    .    .    ,     Cercariaeum. 

The  young  distomes  possess  no  cyst  or  protective  mem- 
brane. Found  not  infrequently  in  our  fresh-water  mussels. 
Spedei  not  described.  Adults  unknown.  One  of  the  Euro- 
pean spedes  is  thought  to  be  the  larva  of  Aiymtk^^odora. 

Cercariaeum  helicis  (Leidy)  1847. 

Total  lotgth  o.Bj  mm.;  breadth  0.6  mm.,  active  and  very 
extensive.  Body  white,  oval,  with  oval  tail.  Oral  sucker 
marked  by  radial  Unes;  acetabulum  central,  equal  in  size  to 
oral  sucker,  o.ij  mm.  in  diameter.  Pharj-ru  oval.  Intestine 
largt^  sinuous,  extending  to  end  ot  body.  Excretory  bladder 
small;  lateral  vessels  double.     Genital  pare  postacetabular. 

Ih  pericardial  cavity  of  HeJii  allenmla  and  H.  aibolabrii. 
The  ''first"  and  "third"  stages  of  Leidy's  later  account  are 
clearly  not  the  same  spedesasthe  "second  stage"  to  which 
the  name  Dislama  lidicii  was  originally  given. 

Called  later  D.  mjaiu  also  by  Ldd^,  Dieaing  makes  it 
Circariaeum  vaiaiu.  Possibly  a  cercaria  which  has  thrown 
off  its  tail  but  has  not  encysted. 


349  (348)    Develop  in  branching  sporocysts LeucocMoridium 

Tbe  remarkable  spedes  is  known  in  Europe  in  the  adult  form  a; 
and  in  the  spotocyst  stage  in  certain  snails,  Suaima.  See  157  i 
living  period. 

350  (184)    Oral  sucker  rudimentary,  much  smaller  than  acetabulum.    Geni- 

tal atrium  modified  into  sucking  organ. 

Holostome  cercariae  .   .  351 
Genital  opening  posterior,  ventral  to  excretory  port. 
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251  (353)    Anterior  part  of  body  hemispherical  to  cui>-shaped;  two  lateral 

sucking  discs  also  present.  ,    .  Cercwia  fiaheUtJormis  ¥a.wX.. 

Typical  tetrarotyle  form.  Body  length  0.4S  to  0.56  mm.,  wMth  0.44  mm.  Animal  lUpper- 
flhaped,  with  two  poiterior  and  two  lateral  U(4>eti  around  lucking  diui.  Anterior  put  of 
enretOTy^Etem  fan-shv>ed.  In  reduw  or  encyaled  in  tisauea  in  bver  of  Pkyia  gyrina  Say. 
Bitter  Root  River,  Corvallis,  Montana. 

Coiiq>are  167  (168)  in  thTi  icey. 

352  (351)    Anterior  pait  of  body  lamellate  or  only  slightly  patelUrorm. 

Cercaria  ptychockeilus  Fatist. 
Haniitomum  larva.    Body  length  04B  to  0.63  mm.,  width  0.17  to  o.j7  nun.    Posterior 
portion  abbreviated.    Atrial  chamber  posteriad,  wcU-devebped.    Varying  number  of  mu- 
cous glands,  situated  b  posterior  part  lateral  to  genital  atrium,  empty  Into  the  latter.    En- 
cysted wit'-"     -  " --" ■- --■'-  -"—--'   ■- ■-   -' 


It  ovtrid  membrane,  with  discoid  attichinent  to  mesentery  ol 


Plythocheilui  oregBneniis  Richan^on,  Bitter  Root  River,  StevensviUe  and  Catkoo,  Montana. 


Cestoda 

The  cestode  or  tapeworm  is  as  the  name  suggests  more  or  less 
like  a  band  or  ribbon,  and  in  the  majority  of  cases  the  band  is 
subdivided  by  cross-markings  into  a  series  of  links  or  proglottids. 
In  a  few  primitive  tapeworms  the  body  consbts  of  but  a  single 
link  and  the  general  appearance  is  so  similar  to  that  of  the  fluke 
as  to  make  distinction  difficult.  In  some  other  cases,  especially  of 
fish  tapeworms,  the  ribbon-like  body  is  not  subdivided  by  ex- 
temal  cross-markings,  but  the  internal  structure  shows  the  poten- 
tial presence  of  proglottids,  for  the  organs  are  multiplied  suc- 
cessively in  the  undivided  body  as  they  are  in  the  segmented  body 
of  the  ordinary  tapeworm.  Most  tapeworms  are  distinctly  flat- 
tened so  that  one  may  speak  of  surfaces  and  margins.  A  few 
species  are,  however,  so  nearly  circular  in  cross  section  that  it  is 
difficult  to  use  such  terms.  Abnormal  individuals  of  the  flat- 
tened species  have  been  described  which  are  three-cornered  or 
prismatic  in  cross  section;  these  represent  partially  fused  or  par- 
tially split  chains. 

One  can  usually  recognize  two  or  three  fairly  distinct  regions  in 
the  ordinary  tapeworm:  the  head  or  scolex,  the  neck,  and  the  chain 
or  strobila.  The  head  is  more  or  less  enlarged,  globular  or  oval, 
and  not  infrequently  provided  with  an  apical  extension  designated 
a  rostellum,  which  in  some  forms  is  held  withdrawn  in  a  pocket 
under  most  circumstances.  The  head  is  commonly  supplied  with 
suckers  and  sometimes  hooks  also  by  which  it  attaches  itself  to  the 
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tissue  of  the  host.    In  some  tapeworms  the  head  carries  long  suck- 
ing grooves  or  bothria,  and  in  others  round  cup-shaped  suckers  or 
acetabula.  .  More  complicated  hold-fast  organs  are  developed  on 
the  scolex  in  certain  groufB  of  cestodes  parasitic  in  marine  hosts. 
A  slight  constriction  behind  the  head  has  been  given  the  name  of 
"neck";    many  cestodes  have  no  neck.    The  body  usually  in- 
creases in  caliber  from  the  head  toward  the  opposite  end.    The 
partition  lines  of  proglottids  are  at  first  very  indistinct,  and  be- 
come more  marked  as  one  goes  backward  along  the  chain.    The 
form  of  the  proglottids  also  changes  from  the  scolex  toward  the 
other  end  of  the  worm.     Much  has  been  made  of  these  and  other 
minor  details  of  external 
appearance  in  the  descrip- 
tions  of   cestodes.     They 
are  not  adequate  for  the 
determination     of     many 
species  and  moreover  are 
not  of  fundamental  signifi- 
cance.   Unfortunately  very 
few  cestodes  are  transpar- 
ent and  it  is  not  easy  to 
study  the  internal  struct- 
ure,   since    the    specimen 
must  first  be  subjected  to 
a  time-consuming  tectmic. 
Methods  for  the  prepara- 
tion  of    cestode    material 
were  outlined  briefly  in  the 
general  section  of  .this  chap- 
ter (page  368).    Specimens 
must  be  kept  flat  and  ex- 
tended or  they  are  difficult  BaK^^^^^rSllS-^Toi  Z^"  "^^^^^ 
to  study  and  interpret  cor-  3?:'^,'^il/^'*^:5SS5!".r«uiit;i[Sf^^^^^^^ 
rectly.  El SMF  ""^^  ^^'^^"•-^""dirS:''  Ts  ™(fi: 

Each  proglottid  may  be  "'      ""' 
considered  as  a  unit  of  structure  as  it  contains  a  complete  set  of 
reproductive  organs  (Fig.  730).    With  rare  exceptions  tapeworms 
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exhilnt  the  same  condition  of  hermaphroditism  that  was  de- 
scribed  for  the  flukes,  since  all  organs  of  both  sexes  are  repre- 
sented in  a  single  proglottid.  The  reproductive  organs  of  one 
proglottid  have  usually  no  connection  with  those  preceding  or  fol- 
lowing; other  organs  are  continuous  tJiroughout  the  chain.  One 
may  readily  observe  at  the  side  of  the  proglottid  the  main  longi- 
tudinal nerve  trunks  which  connect  with  a  complicated  series  of 
enlargements  or  ganglia  in  the  scolex.  These  main  nerve  trunks 
are  joined  by  cross-connectives  in  each  proglottid.  Near  them  and 
parallel  to  them  are  the  main  canals  of  the  excretory  system,  and 
these  also  are  joined  by  transverse  vessels.  A  network  of  finer 
tubes  terminating  in  flame  cells  is  present  in  each  proglottid  and 
empties  into  the  main  vessels  just  described.  The  longitudinal 
muscles  of  the  body  are  sometimes  continuous  throughout  the 
ch^  and  sometimes  divided  at  the  partitions. 

No  trace  of  an  alimentary  system  has  been  found  at  any  time 
in  the  entire  life  history  of  the  cestode. 

As  one  proceeds  backward  along  the  chain  one  can  observe  the 
gradual  development  of  the  reproductive  organs.  These  appear 
first  as  faint  lines  or  bands  in  the  tissue,  outlining  the  positions  of 
the  main  organs;  they  grow  more  definite  until  at  sexual  maturity 
a  complete  set  of  organs  of  both  sexes  can  be  demonstrated  (Fig. 
730).  The  o^ans  are  very  similar  in  character  and  interrelation 
to  those  of  the  trematodes.  As  one  passes  further  along  the  chain 
other  changes  take  place,  primarily  the  gradual  accumulation  of 
eggs  in  the  uterus  and  the  coincident  gradual  shrinkage  of  other 
reproductive  organs  until  the  latter  may  ultimately  disappear  save 
for  insignificant  vestiges.  Two  different  plans  are  observable 
with  regard  to  the  production  of  eggs.  The  latter  may  be  held  for 
a  time  in  a  uterine  cavity  and  then  discharged  through  a  pore,  or 
they  may  accumulate  indefinitely  in  a  blind  uterine  sac  unUl  they 
come  to  occupy  nearly  the  entire  volume  of  the  proglottid.  Where 
the  latter  condition  prevails,  the  last  proglottids  of  the  chain  have 
been  reduced  to  mere  egg  cases  that  are  cut  off  periodically,  either 
^gly  or  in  groups,  and  cany  to  the  outer  world  masses  of  ova  for 
the  dissemination  of  the  species. 

Some  cestodes  have  a  free-living  st^e  which  hatches  from  the 
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egg  in  the  form  of  a  spherical  ciliated  larva  (Fig.  731)  that  for  a 
short  time  carries  on  an  existence  in  the  outer  world.    This  larva 
occurs  among  the  fish  tapeworms.     The  ex- 
ternal layer  of    large   ciliated  cells  may  be 
regarded  as  an   embryonic  membrane   within 
which  is  a  narrow  fluid  filled  chamber  contain- 
ing a  smaller  spherica  mass  that  in  fact  is  the 
true  cestode  larva,  known  as  an  onchosphere. 
This  larva  derives  its  name  from  the  presence 
of  three  pairs  of  long  slender  hooks  arranged      fm.  7ji.    mtkyihttiM- 
at  equal  mtervals  around  one  pole  of  the  sphere  IS^JISiJ^d?'''^'  '*'"' 
and  provided  with  special  muscles  that  serve 
to  push  the  hooks  out  and  then  away  from  the  center  so  as  to 
open  up  tissue  and  force  the  larva  through  it. 

In  most  cestodes  the  onchosphere,  surrounded  by  two  or  more 
membranes  characteristic  in  form  In  particular  groups,  is  retained 
within  the  egg-shell  until  the  mass  is  brought  passively  into  the 
alimentary  canal  of  a  suitable  host.  Here  the  onchosphere  is  set 
free  by  digestion  and  bores  its  way  out  of  the  alimentary  canal 
into  the  body  cavity  or  vascular  spaces.  It  may  remain  there 
free  and  undergo  further  development,  or  by  active  or  passive 
migration  reach  a  point  where  it  encysts  and  remains  fixed  during 
the  period  of  growth.  During  this  period  it  develops  to  one  of 
the  larval  forms  of  the  group.  These  forms  differ  in  different 
subdivisions  of  the  class  Cestoda.  Among  the  lower  forms  they 
are  small,  oval  or  elongated,  spindle-shaped,  solid-bodied  larvae 
known  as  plerocercoids,  and  in  the  highest  groups  of  cestodes 
they  become  large  fluid-filled  vesicles  known  as  cysticerci  or  blad- 
der-worms.    Other  types  occur  among  other  kinds  of  cestodes. 

These  larval  forms  abnost  without  exception  develop  in  an  inter- 
mediate host.  In  some  cases  the  larva  wanders  out  later  and 
achieves  actively  the  infection  of  the  adult  or  final  host,  but  in 
most  instances  it  is  held  in  the  body  of  the  intermediate  host 
until  the  latter  is  eaten.  Thereupon  it  is  set  free  by  digestion, 
m^ates  to  the  organ  which  is  its  normal  seat,  and  enters  upon 
a  period  of  growth  that  brings  it  to  the  fully  matured  adult 
form. 
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Certain  important  clianges  have  occurred  during  this  larval 
growth  period.  These  are  most  marked  in  the  bladder-worm  ces- 
todes.  The  fully  developed  cysricercus  shows  a  completely  formed 
scoles  that  corresponds  in  detail  with  the  scolez  of  the  adult  ces- 
tode  save  that  it  is  reversed  and  lies  turned  into  the  internal  cavity 
of  the  bladder.  When  the  bladder-worm  reaches  its  final  location 
the  head  is  everted  and  appears  with  the  armament  of  suckers  and 
hooks  that  characterizes  the  adult.  This  scolex  attaches  itself  in 
the  region  appropriate  for  the  adult  and  the  bladder  remnant  is 
losi  by  digestion  while  the  neck  continues  to  grow  in  length  until 
it  has  produced  a  full-sized  adult  worm.  The  formation  of  pro- 
^ottids  and  the  growth  within  them  of  the  reproductive  organs 
proceeds  slowly  as  the  worm  lengthens,  the  oldest  prt^lottids 
being  found  regularly  at  the  end  furthest  from  the  scolex. 

The  life  histories  of  North  American  cestodes  are  entirely  un- 
known and  can  only  be  inferred  to  be  similar  to  related  species 
that  have  been  studied  in  the  Old  World.  The  evidence  fur- 
nished by  the  latter  indicates  clearly  that  tapeworms  are  not 
bound  up  with  an  aquatic  existence  in  some  stage  as  are  the  flukes. 
Certain  cestodes  have  aquatic  larvae  and  others  bladder-worm 
stages  in  aquatic  invertebrates,  or  vertebrates,  but  many  of  the 
species  parasitic  in  birds  and  mammals  pass  the  larval  period  in 
terrestrial  hosts  (insects,  land  snails,  birds,  mammals)  and  have 
no  relation  to  the  aquatic  fauna  at  any  time.  Such  forms  do  not 
belong  rightly  in  such  a  synopsis  as  this;  but  the  data  available 
are  insufficient  to  mark  out  clearly  which  forms  belong  to  the  fresh- 
water fauna  during  some  phase  of  their  existence  and  which  are 
entirely  unconnected  with  it. 

Cestodes  are  found  as  parasites  in  all  types  of  fresh-water  verte- 
brates. The  adults  occur  most  frequently  in  the  alimentary  canal 
or  pyloric  ceca.  Certain  kinds,  chiefly  larval  forms,  are  found  in 
the  body  cavity  and  the  encysted  stages,  the  bladder-worms,  may 
be  encountered  in  almost  any  tissue,  even  in  the  brain;  yet  they 
are  most  frequent  in  connective  tissue  and  seem  to  find  the  liver  a 
preferential  location.  Usually  only  a  few  cestodes  are  found  in 
an  individual  host,  but  they  may  occur  in  such  numbers  that  the 
cavity  of  the  alimentary  canal  is  stuffed  full  and  the  wall  of  the  body 
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is  maitedly  distended.  The  distribution  of  varioxis  species  is  prob- 
ably nearly  concurrent  with  that  of  the  particular  hosts. 

North  American  cestodes  are  very  imperfectly  known  and  the 
large  part  of  the  data  available  concerns  species  parasitic  in  birds 
and  mammals.  Because  of  the  lack  of  definite  knowledge  it  has 
been  necessary  to  decide  upon  somewhat  artificial  limits,  and  the 
synopsis  has  been  made  to  include  all  cestodes  reported  in  North 
America  from  fresh-water  hosts  and  all  likely  to  have  develop- 
mental stages  in  fresh-water  hosts  even  though  such  stages  have 
not  yet  been  identified  on  this  continent.  Among  the  various 
hosts  from  which  tapeworms  are  reported  the  water  birds  are  most 
difQcult  to  group  correctly.  Many  of  them  visit  both  fresh  and 
salt-water  bodies,  and  most  of  them  feed  at  times  and  places  on 
terrestrial  plants  and  insects  either  intentionally  or  incidentally. 
Consequently,  the  source  of  a  given  infection  is  diMcult  to  deter- 
mine and  some  errors  have  no  doubt  been  made  in  these  cases; 
yet,  thanks  to  Ransom's  careful  and  extensive  work,  avian  ces- 
todes are  better  known  than  those  from  any  other  host  group  in 
North  America. 

The  data  on  North  American  cestodes  are  not  only  scanty  but 
also  so  indefinite  as  to  be  of  httle  value  in  the  attempt  to  prepare 
a  systematic  outline  of  the  group.  Early  references  are  to  "ces- 
todes" or  "Taenia,"  and  even  in  later  years  the  same  habit  has 
prevailed.  Most  existing  records  of  the  occurrence  of  tapeworms 
in  aquatic  hosts  cannot  be  referred  to  known  genera.  For  these 
reasons  the  appended  synopsis  must  be  presented  with  an  apology. 
Among  the  Proteocephalidae  I  have  been  able  to  depend  on  the 
work  of  La  Rue  and  for  bird  cestodes  I  have  made  free  use  of  Ran- 
som's monograph.  Outside  of  these  groups  there  is  little  definite 
knowledge  of  the  North  American  forms. 

KEY  TO  NORTH  AMERICAN  FRESH-WATER  CESTODA 

1  {ill)     Adult  worms;  sex  organs  developed 9 

2  (7)    Body  simple,  not  divided  into  joints  or-  proglottids.    A  sin^  set  of 

genital  organs Subclass  Cestodarim  .    .     3 

The  few  forms  Included  here  are  often  desigoated  the  mononraCic  cestodes,  and  sometimea 
are  regarded  aa  a  separate  cLaas  intennediate  in  poaition  between  Trematcxles  and  Cestodes. 
In  external  appearance  they  resemble  the  flukes  but  ate  readily  disCin^ished  from  them  by 
the  entire  absence  of  an  alimentary  canal.  The  internal  structure  is  much  like  that  of  tape- 
worms but  tlie  sexual  organs  are  never  du[dicated. 
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3  (4)    Anterior  end  not  peculiarly  modified.    No  suckers,  hooks,  or  special- 

ized scoles  region ^ffi^Mitui  Wagner  1858. 

Large,  oval,  flattened  fomis,  paraiitic  in  body  cavity  at  fishes.  Anterior  end  usually  notched, 
but  octjudonaUy  extended-  in  tbe  loim  of  a  small  papilla  bearing  the  pores  of  a  group  of  uni- 
cellular glands.  Male  genital  poie  at  posterior  end.  No  dirus  sac  present.  Female  pore 
-^^t., !__  . . ..  ,.jjjj  jj^    Uter  -  ' --   ' ' " 

4  {3)    Anterior  end  with  ^manned,  pooriy  developed  adhesive  organ,  imper- 

fectly set  oS  as  scolex  from  rest  of  body. 

Family  Casyophvllaeidae  Claus  1885  .   .     5 
Body  elongate,  flattened,  with  nearly  panJIel  side*  and  primitive  scolex.    Neck  mxy  be 

preaent  or  wanting,  as  also  a  caudal  appendix.    All  genital  pores  ventral,  median,  nCM  poate- 
rfor  end;  dtnis  aoterioi;  utous  and  vagina  open  together  into  a  genital  atrium. 

5  (6)     Cauda]  appendix  present  in  adult.    Two  distinct  sucking  grooves  on 

rudimentary  scolex Archigdes  Leuckart  1S78. 

Sexually  nuluie  in  oUgochaetei.  A  form  which  imdoubtedly  belongs  here  has  been  dorribed 
to  me  as  lound  in  native  earthworms.  It  has  not  been  recorded  in  the  Hterature.  The  spedei 
known  are  i  b>  6  mm.  long  and  paraatic  in  the  body  cavity  of  Tubiflddae. 

6  (s)     No  sucking  grooves  present.     Caudal  appendix  lacking  in  adult  thou^ 

present  in  larval  form.  .    Caryophyllaeus  0.  F.  Mtiller  1787, 


7  (3)    Body  multiplex,  usually  divided  externally  into  joints  or  prog^ttids; 

always  containing  successive  sets  o(  reproductive  organs 
generally  corresponding  to  such  subdivisions  even  in  cases 
where  external  proglottid  markings  are  lacking. 

Subclass  Cestoda  s.  str.  .    .     8 

Elongate,  ribbon-like  forms  in  which  the  reproductive  organs  are  serially  duplicated,  each 

let  constituting  a  reproductive  unit,  usually  though  not  always  set  off  from  adjacent  units  by 

internal  septa  and  external  boundaries.    These  forms  are  often  spoken  of  as  the  true  tapeworms, 

or  polyAwtic  ccttodcs. 

8  (39,  30)     Scolez  with  a  single  terminal  or  with  two  opposite  sucking  organs, 

never  with  four  suckers  or  accessory  proboscides. 

Order  Psendoph^dea  .  .  9 
Scolei  Tartfy  armed  with  hooka,  never  provided  with  rostellum,  or  eitru«le  probosddea. 
The  two  mdtmg  grooves  sometimes  combined  by  complicated  growth  of  their  margins  into  a 
funnel-sh^ied  or  tubular  organ  which  ni^  be  united  with  that  of  Che  opposite  side  to  a  termi- 
nal sucker  of  peculiar  form.  ExteciuU  jointing  is  rarely  lacking,  but  often  indistinct  in  Certain 
regions  at  least.  Uterine  pore  present,  on  the  surface  of  the  pro^ottid.  Uterus  in  the  form  of 
rosette-shi^jed  coils  or  of  a  iarge  sacculate  uterine  cavity 


Characteritic  Gsh  parasites  iu  one  or  rnore  stages  of  the  life  history, 

' '"      '  'le  Caryophyllaeidae  (see  above),  as  the  first  family  unc  .„      ,    _ 

Dphyllidea  in  contrast  with  all  other  families  as  poiyaratic     For 


LUhe  places  the  Caryoiiiyllaeidae  (see  above),  as  the  fiist  family  under  thii  order,  grou[dng 


practical  reasons  they  are  treated  here  under  the  Cestodaria. 

9  (a8)     Adult  forms  with  developed  reproductive  organs 10 

The  hrvat  forms  aie  sometimes  hard  to  disCinguiah  from  adults.    Consult  also  18(9). 

10  (13)    Eggs  thin-shelled,  without  lid.    Uterine  pore  ventral;    drrus  and 

vagina  open  dorsal  and  posterior  to  uterine  pore,  or  nuigi- 
nal,  .  .  .  Family  Ptvchobothbiidae  Liihe  1903  .  .  11 
Scolex  with  two  separate  bothria,  rarely  replaced  by  a  pseudoscolei.  No  neck;  external 
segmentation  always  present  but  incomplete  or  obscured  l^  secondary  folds  in  many  cases. 
Reproductive  organs  single  in  each  proglottid.  Cirrus  and  vagiral  pores  posterior  to  uterine 
pore,  marginal  or  median  and  then  on  opposite  suriace  from  uterine  pare.  Ovary  and  sbtH 
gland  metSan;  testes  in  two  lateral  fields.    Uterus  in  form  of  a  single  gpadous  cavity,  never 
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11  (ti)    Genital  pore  on  surface  of  progbttid. 

Bothriocephalus  Rudolphi  i8o3. 

Scold  dis^ctly  elongated,  bothris  not  well  developed.  Extmud  segmentation  incompkle 
between  Bucceasive  pn^lottids;  semie  maioaai  indsona  distinct  but  maikiDgs  on  surface  of 
proglottids  often  impnfect  or  wanting.  Vitellaru  in  cortical  layer,  continuous  from  pro- 
glottid lo  proglottid,  B3  are  abo  testes.  No  seminal  receplBcie.  Be^ning  of  uterus  a  con- 
voluted cuial  (uterine  duct)  which  opens  into  ^jberical  uterine  cavity.  Uterine  pore  mediao, 
vential;  orifice  of  cirrus  and  vagina  ntediao,  donaL 

Many  entiicB  under  this  nune  really  bekmg  in  other  genera  of  the  family.  A  reviiioD  oi 
the  group  is  neceieary  bdore  one  can  say  wliidi  are  true  qiedet  of  tliis  genua. 

12  (ii)     Genital  pore  a,t  maigiii  of  proglottid. 

Abothrium  van  Beneden  1S71. 


Scolei  not  ekmgate,  with  two  bothria  powerful  but  n 


proglottids  because  of  surface  wrinkles;  even  oldest  pro^ttids  much  bnuder 
tuiui  juu^.  Nerve  trunks  near  maigin,  dorsal  to  drrus  and  vagina.  Testes  excluavciy  be- 
tween nerve  cords  in  two  lateral  fields,  Vitellaria  irregular,  also  in'  two  broad  lateral  fields, 
mostly  between  longitudinal  muscle  Imndlea,  separated  at  proglottid  limits.  Ovary 
leiuform,  ventral,  median.'  Shell  gland  dorsal  to  ovary.  Uterine  sac  in  ripe  proglottids 
GlUng  almost  entire  medullary  region.  Uterine  pores  ventral,  in  median  longitudinal  furrow 
on  strobila. 

Representative  North  American  3i>ecies. 

Abothrium  crassitm  (Bloch)  1779. 
Reported  from  ulmon  in  Lake  Sebago,  Maine;  not  uiKommon  in  the  Great  Lakes  trout. 

13  (10)    Orifice  of  dmis  and  vagina  on  same  surface  as  uterine  pore  and  an- 

terioi  to  latter  01  marginal.     Eggs  thick -shelled,  with  Ud. 

Family  Diphyllobothriidae  LUhe  1910  .    .     14 
leudoscolei.    Segm 
e  sac  except  in  BafMicth- 

14  (17)    Genital  pore  on  surface  of  progbttid 15 

;  and  the  same  suifoce  of  the 
16 


16  (19)    Scolez  very  short,  not  set  off  from  the  rest  of  the  worm. 

Subfamily  Liguunae  Monticelli  and  Crety  1891    .   .     17 
Scolei  rou{[hly  triangular,  more  or  less  drawn  out  to  a  point  with  contraction  of  woim. 

Bothria  median,  small,  weak.     Genital  organs  in  adult  lultf  developed  just  behind  scolex. 

Testes  form  doraal  layer  in  lateral  Gelds  of  medullary  parenchyme.    Yolk  follicles  in  lateral 

part  of  cortical  area.     Ovary  median,  ventral;  shell  gland  median,  dorsal. 

Adult  in  intestine  of  water  birds;    larva  in  body  cavity  of  teleosti,  attaining  lull  size  and 

forming  advanced  rudiments  of  sexual  organs,  found  occasionally  in  water,  having  been  set 

free  by  rupture  of  abdominal  wall  of  intermediate  host. 

17  (18)     External  evidences  of  proglottid  formation  limited  to  anterior  end  or 

entirely  lacking i«g«/a  Bloch  1781. 

Wben  fu%  grown  ]i^ted  only  at  anterior  end,  but  the  divisions  do  not  agree  with  the  in- 
ternal aegmentatkin  of  reproductive  organs.  Bothria  poorly  developed.  Larvae  wlthrout 
legmenUtioD  and  without  bothria,  live  chiedy  In  Cyprinids.  Adults  b  water  Urda;  stay  in 
definitive  host  only  brief. 

Seven]  9peda  have  been  reported  and  described  by  variout  autbon,  all  too  brle&' to  permit 
of  positive  identification.  The  parasites  come  fnHn  chub,  sucker,  and  tiout;  New  York, 
PenDiylrania,  Maryland,  Yellowatoiie  Plric,  Ariiona. 
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18  (17)     Proglottid  formation  evident  externally  throughout  entire  wonn, 
even  in  larval  condition.  .    .      Schistocephalus  Creplin  iSzg. 

Apex   of    Bcolex   inCtcd,    retractile.     Bothria   poorly   developed.     St^entalion    complete. 
Sucfera  and  pcoglotcids  visible  in  larva.     Adults  in  mterbirds;   larvae  ia  abdomcD  □(  Gmlt- 

At  least  one  adult  and  one  larva  are  found  in  North  America.    No  recordi  have  been 
published. 

or    less    elongate,    distinctly    set    oS    from    rest    of 


30  (31)     Scolex  similar  in  form  to  first  proglottids,  separated  by  sharp  boun- 
daries; no  unjointed  r^on  (neck). 

Subfamily  Haplobothriinae  Cooper. 

Pmglottid  formation  evident  externally  only  in  anterior  part  of  strobila.    Large  median 

dorsal  and  two  smaller  ventro-lateral  excretory  vessels.     Both  vitellaria  and  testes  medullary. 

Cirrus  covered  witb  minute  spines.     Llerus  sharply  divided  irito  uterine  duct  and  large  uterine 

Type  and  only  genus Hapiobothrium  Cooper  1914. 

t  t  Scolei  small,  dmple;    rectangular,  excavated  dorso-ventrally 

"  'to  form  ^mple  bothna,  and  also  slightly  laterally.     Apex  slightly 

extended  to  form  low  pyramidal  dfsc;  posterior  end  of  scolei 
modiSed  as  auricular  appendages  which  with  edges  of  apical  disc 
bear  minute  spines.  No  neck.  Proglottids  elongale  and  auricu- 
lae decrease  posCeriad  until  segmentation  near  end  is  indicated 
only  by  successive  sets  ol  reproductive  organs.  Large  median 
dorsal  and  two  small  ventro-lateral  excretory  trunks.  Testes 
Bmall,  numerous  (Ho)  in  1  lateial  Belds.  No  genital  sinus.  Cir- 
rus and  vagina  open  close  together  well  anterior  on  ventral  sur- 
face. Uterine  pore  ventral  also,  anterior  Co  posterior  end  of 
uterine  sac.  Ovary  borse-shoe  shaped,  ventral,  posterior.  Large 
yolk-reservoir. 

Uterus  in  I  regions  formed  very  early,  vix.:   coiled  thin-waUed 
uterine  canal  and  capacious  uterine  sac  which  when  filled  occuraea 
Fir      Tii         BattalhiairiMm    ^l""*'  entire  central  Geld  of  proglottid.     Eggs  with  opeccula, 
list^i/™.'  a.  «il«  and  finl    carrying  ciliated  larva. 

thr«  p««ioiiidi;    X   »;   (,  Type  Species. 

tweoly-thitd,     twenty-tgurth.  -"^       '^ n    .i  i   ..    ■  ■  .    i-f  <-. 

and  twenty-fiftii   proglottids.  HapiobolhTium  globuiijorme  Cooper  1914. 

Ii;!t"'nl''l;!;;faS^'f  nliSSSr  IntesUne  of  Amta  calva.    The  uterine  sac  and  the  aimed  dmis 

X6-  c  muMscdoi  ttmS  exclude  tins  genus  from  the  family  in  which  il  was  placed  former^. 

bc«inDin/al|&1]^aIIid  lorrn^  Ucertalnly  showssome  poinfsof  resemblance  to  the  Triaenopho- 

tion:  X  It;  d.  smalleu  rdcm.  rinae  and  has  been  included  in  a  Dew  subfamily  which  at  present 

ceroHd  observed;  X  11.   (Alter  stands  isolated  in  a  portion  intermediate  between  that  and  the 

Cuaptt.)  following  family. 

Ji  (20]     Scolex  separated  from  first  proglottids  by  unjointed  region  (neck). 
Subfamily  Diphyhobothriinae  Lilhe  1910  .    .   11 

..„     .  _    ..  .._ ys  evident  eitemally. 

ogloltid.    Vitellaria  cortical;    testes  medullary  ii 
bulb  before  entrance  to  cirrus  sac.    No  spnes  on  cirrus. 

Adults  in  intestine  of  Amniota;  larvae  so  far  as  known  in  fishes,  reproductive  organs  want- 
ing at  time  of  transfer  to  definitive  host, 

ai  (23)     One  set  of  reproductive  organs  in  each  proglottid. 

DiphyHobolkrium  Cobbold  1858. 

The  most  famous  member  of  this  genus  is  the  broad  lish  tapeworm  oi  man,  £>.  lofum,  commonly 

referred  Co  as  Bolkrioapkalus  lotus,  though  il  is  very  disrinct  from  that  genus  as  reference  to 

the  section  will  show.     This  species  has  become  established  on  the  North  American  continent, 

having  been  introduced  no  doubt  by  immigrants  from  infected  territory  in  Europe,  • 

Possibly  related  spedes [Dtbothrium]  cordiceps  Leidy  1871. 

Length  of  adult  i  m.;  scolex  cordiform  1  by  0.6  to  0,8  nun,,  neck  short.    Widest  about 
IS  to  ij  an.  from  head,  where  proglottids  are  j-i  mm.  lor\g,  4.5  mm.  broad,  0.5  mm.  thidc. 
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Genital  porea  median,  ventral,  appronmated  but  distinct;  cimu  pore  most  anterior.  Cirrus 
lar^.  oval.  Tealea  in  lalerai  fielcb,  dorsal.  Vagina  with  vesicle  near  distal  end.  Ovary  pos- 
terior, ventral,  transverse  to  main  aids.  Shell-gland  dorsal,  near  ovary  and  posterior  to  it. 
Utenis  in  lalera]  coils,  apiaoacliing  form  of  rosette.     Ova  70  by  jj  fi. 

Aduh  in  white  pehcan;  larvae  in  muscles  and  body  cavity  ol  trout;  Yellowstone  Lake, 
WyoDung. 

The  name  of  this  form  cannot  be  accepted  as  Dilmtkriun  is  only  a  synonym  ol  Botktio- 
^talta  and  the  location  of  the  genital  pores  rules  this  species  out  of  that  genus  as  at  present 
defined.  Furthennore  its  exact  position  and  true  relationship  must  remain  uncertain  until 
its  structure  is  better  known. 

33  (22)     Two  sets  of  reproductive  organs  in  each  proglottid. 

Diplogortoporus  LSnnberg  iSgi. 

Very  large  cestodes  parasitic  in  whales,  seals,  and  occaaonaUy  in  man. 

The  human  parasite,  D.  tmndis,  is  reported  by  Ashford  ajid  King  from  Porto  Rico  90  it  may 
easily  reach  the  Boutbeastem  coast  of  North  Ainerica  {see  also  Sparganum  nusiinn). 

34  (15)     Genital  pores  of  different  proglottids  found  on  both  surfaces  of 

strobila,  alternating  irregularly  from  proglottid  to  proglot- 
tid.    .    Subfamily  Cvathocephaunae  Ltihe  iSgg  .    .     25 

Scolex  unarmed,  variable  in  form,  not  longer  than  wide,  with  two  median  or  one  apical 
sucking  organ  in  form  of  acetabuU,  Eitemal  proglottid  limits  not  marked,  or  absent.  Geni- 
tal oigans  single  in  each  proglottid;  all  pores  median.  Vagina  and  uterus  open  in  oooamon 
female  genital  atrium  provided  with  sphincter  and  located  posterior  to  male  pore.    Adults  in 

25  (36)    Apical  sucking  organ  single,  undivided  by  transverse  fold. 

Cyatkocepkalus  Kessler  1868, 

Scolei  with  sn^le  BjHcal  sucking  organ  in  (arm  of  a  cup,  and  without  evidence  in  shape  or 
structure  of  its  origin  tram  fusion  of  two  bothria  located  on  surface.  Proglottid  limits  distinct 
externally.    Sphincter  of  female  genital  atrium  pooily  developed. 

Aduhs  in  fiabei. 

Type  speciea Cyatkocepkalus  truncaius  (Pallas)  1781. 

Reported  by  LJnton  Irom  psdoric  ceca  ol  common  whitefiah,  Lake  Superior. 

26  (25)     Apical  sucking-organ  single  but  divided  by  transverse  fold  indicating 

its  double  origin Botkriomonus  Duvemoy  1842. 

Scolex  large,  approximately  spherical,  with  single  apical  sucking  organ  tike  acetabulum, 
vet  divided  transversely  by  a  fold  which  indicates  its  origin  from  two  bothria  typical  ol  family. 
No  external  proglottid  boundaries.     Sphincter  of  female  genital  atrium  well  devekiped. 

Id  AciptHstr  exyrhytuMui,-  Wabash  Rjver,  Indiana. 

Type  spedes Bethriomonus  slurionis  Duvemoy  1S42. 

27  (14)    Genital  pore  at  mar^n  of  proglottid. 

Subfamily  TuiAENOPaoHiNAE  LUhe  1899. 

Scolex  always  with  tjrjncal  bothria,  not  very  deep;  flattened  apex  of  scolex  projects  above 
bothria  as  a  more  or  less  distinct  annular  cap.  Marginal  genital  pores  alternating  irregu- 
larly; uterine  pore,  median  on  ventral  surface,  anterior  to  marginal  genital  pore.  Repro- 
ductive organs  angle  in  each  proglottid.  No  muscular  bulb  at  inner  end  of  drrus  sac.  Re- 
ceptaculum  seminis  small.  Uterus  in  coils,  but  never  in  rosette  form,  somewhat  enlarged  near 
its  terminus. 

Adults  in  intestine  of  hsbes  and  marine  turtles;  larvae  in  fishes,  mostly  unknown. 

Tyi>e  genus Triaenophorus  Rudolpbi  1793. 

Scolex  with  4  three-pointed  hooks.  No  external  proglottid  markings.  Testes  occupy  all 
medullary  layer  not  taken  by  other  organs.  Vitellaria  continuous  in  cortical  layer,  interrupted 
only  at  genital  pores.  Ovary  and  shell  gland  adjacent  to  margin  bearing  genital  pore._  Uter- 
ine pore  usually  not  median  but  on  surface  at  right  of  median  Une  when  marginal  pore  is  mnis- 
tral  and  vice  virto. 

Aduha  in  intestine  of  fishes;  larva  eiuysted  in  fishes.  Preient  in  North  America;  do  qw- 
des  definitely  recorded  as  yet. 
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38  (9)     Immature  fonns;  sexual  organs  wanting  or  at  least  as  yet  only  partly 

developed Sparganum  Diesing  1853. 

Larval  stages,  irichout  mx  organs;  not  yet  at  ■  period  m  which  specific  detenoination  is 
possibk.  Many  undncribed  (ormg  la  vuious  hosts;  three  known  fonni  on:  listed  belov.  The 
Brat  nimed  b  not  yet  reported  lor  this  continent;  the  second  and  third  are  dehaitely  recorded 
for  United  States  oi  Amerka- 

Spargartum  ttuituoni  (Cobbotd)  1883. 

Large  forms.  B  to  36  cm.  long;  0,1  to  11  mm.  broad.  Two  longitudinal  grooves  on  donal 
surface;  one  median  longitudinal  groove  on  ventral  surface.  In  connective  tissue  and  body 
cavity  of  man.  Japan.  The  probable  adult,  Dipletonaporus  gratidit  has  been  reported  from 
Porto  Rico. 

Sparganum  proUferum  (Ijima)  1905. 

Small  form,  i  to  11  mm.  long,  >.$  mm.  broad.  Body  usually  irregular  in  form.  Multijdi- 
cation  in  cysts  by  formation  of  supernumerary  hcad^i  and  transverse  division.  Encysted  in 
tubdermal  connective  tissue  and  elsewhere;  in  man,  Florida,  U.  S.  A.,  and  Japan. 

Sparganum  sebago  Ward  1910. 
Length  15  to  36  mm.,  breadth  1,8  to  0.^6  mm.    Head  with  keybole-shaped  bothria.    Body 
dliptica]  in  cross-section  with  slightly  thidtened  margins.    No  segmentation  developed  and 
no  lei  organs.    In  spleen  and  body  cavity  of  Salme  seSato;  Maine. 

39  (8>  30)     Scolex  with  two  or  four  sucking  grooves,  and  also  at  apex  four 

protnisUe  proboscides  armed  with  many  hooks. 

Order  TrypanorbjaClia. 

The  four  long  slender  cylindrical  proboscidea  are  conspicuous  enough  to  render  the  deter- 
mination oE  aduJt  or  larva  easy.  The  adults  are  found  in  the  sfural  valve  of  sharks  and  rays; 
the  larval  forms  occur  encysted  in  mi^tory  fish.  They  are  among  the  rarest  of  finds  in 
iresh-water  collecting  and  are  present  in  Niuth  America  though  no  spedes  are  recorded  as 

30  (8, 19)    Scolex  with  fotir  sucking  organs  (exceptionally  replaced  by  a 

pseudoscolex)    but    without    extensile    proboscides.      No 
uterine  pore 31 

31  (54)    Vitellaria  with  very  numerous  follicles,  distributed  on  each  side  in 

longitudinal  marginal  zone,  larely  in  the  entire  surface  zone 

of  the  proglottid Order  Tetraphyllidea. 

Sucking  organs  4<  cup-shaped,  small,  or  vecy  mobile  stalked  or  unstalked  modified  bothridia. 
Small  acncal  sucking  organ  frequent.  Pseudo-scolex  exceptionally  present.  External  seg- 
mentation evident,  but  less  conspicuous  at  end  of  chain,  Genital  organs  ^ngle  in  each  pro- 
glottid. No  uterine  pore,  but  uterus  opens  in  median  ventral  line  by  rupture  of  wall.  Testes 
numoDus.  Ovaiy  posterior,  median,  usually  with  two  wings.  Eggs  thin-shelled,  without 
lid;  embryonal  development  in  uterus. 
Adults  in  intestine  of  cold-bkraded  vertebrates. 

Only  family  in  North  America  in  fresh-water  hosts. 

Family  Proteocephalidae  La  Rue  1911   .    .     33 

Heads  small.  Suckers  se^le  and  without  acceaaoiy  areola.  Fifth  sucker  functional,  ves- 
tigial, or  lacking.  No  rostcilum.  Genital  organs  m  genera]  as  in  other  Tetraphyllidea, 
Genital  pores  marginal,  irregularly  alternating.     Vitellaria  lateral,  follicular,  follicles  closed' 

1  ,|jQut  B  central  conducting  tubule.     Ovary  bibbed,  posterior.     Oocapt,  ootype,  sbell 

_j :.. ,. ^thlaU--'   •--= -■ 


.  .,        ,.    ^  Ulerua  with  lateral  outpocketings  and  _ ,._ 

formed  ventral  uterine  openings.     Vitellaria,  testes,  ovaiy  and  uterus  within  the  inner  longi- 
tudinal muscle-sheatb. 
Habitat:  In  fresh-water  fish,  amphibians,  and  aquatic  reptiles. 

3a  (53)    Head  without  lappets  or  folds  of  tissue  around  suckers 33 

33  (46)    Testes  in  one  broad  mass  between  vitellaria;    parasitic  in  fresh- 
water fish Proleocephalus  Weioland  1858   .    .      34 

Head  globose  or  conical,  flattened  dorsoventrally.  No  rostellum.  No  sinnea  or  hooks. 
Slickers  drcular  or  oval.  Fifth  sucker  functional  or  vestigial,  rarely  lacking.  Musculature 
well  developed.    Eggs  with  three  membranes. 
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34(41)     Functional  fifth  OT  apical  sucker,  absent  or  vestigia] 35 

35(38)    Testes  number  too  or  more.. 36 

36  C37)     Genital  pore  on  lateral  margin  near  center  of  proglottid. 

Proteocephaius  maerocephaius  (Creplin)  1815- 
Ai  mu'^h  u  40  cm.  Ions  by  1  to 
I.S  mm.  broad,  or  perEiaps  more, 
Proglottida  vety  numerous;  first 
muchbroaderthanlaiiK:  m&ture, 
broader  than  long  or  nearly  quad- 
rate; ripe,  laager  than  broad. 
Suckers  o.ogj  to  0.106  mm,  in 
diameter.  Fifth  sucker  vestigial. 
Testes  loo  to  no,  irregutirly 
scattered  between  viCellaria,  ly- 
ing in  one  or  two  layers,  usually 
one.  Cirrus-pouch  sbort.  about 
0.16  mm.  long;  ratio  to  proglot- 
tid breadth  i :  6  to  i  ;  S.  Uterine 
pouches  7  to  14  on  either  ^de. 

HabiUt:    In  intestine  ol  .4it- 
tuiiia  vulsarii  and  A.  ckryiypt 

37  (3(1)     Genital  pore  on  lateral  margin  anterior  to  center  of  proglottid. 

pToteocepkaius  perplexus  La  Rue  igti. 

Length  as  much  as  155  mm.i  maximum  breadth  1.7  mm,    Hrst  i^roglottids  much  broader 

than  long;  mature  proglattids  i.;o  mm.  broad  by  a.sgs  mm.  long;  ripe  proglottids  quadrate 

or  longer  than  broad.     Suckers.  0,340  to  0459  mm.  long  by  0.155  to  0.171  mm.  broad.     No 

"  je  of  fifth  sucker. 

Genital  pore  at  end  of 
first  fourth  or  half  of 
proglottid.     Cirrus-pouch 


tid.    Testes  i: 


oissin 


number,  in  one  layer  an- 
terior to  ovaiy.     Vagina 
.^  anterior   to   drrus-pouch, 
™  never  crossing  same.    Vi- 
teliaria  extend  to  posterior 
,     margin 'of  proglottid  and 
paralleltoit.    Uteruswitb 
f    10  to  15  lateral  pouches 
on  each  dde. 
Habitat;  In  intestine  of 
i«d.  X  36;  i.  ripe  proflotlid.  ■<«»'^«  ^!!-^f"»/'^ 
.™™.».™.  ™.-,».  „-«  <,^.u>.^>..c  onuB  ill.  tales),  and  ovary,  fifattiilomiu.  Illmois,North 
Note  aba  [uuiiaa  uf  iphinder  vi^iiue  (ku).     X  36.    (After  La  But.)  Carouna. 

38(35)    Testes  number  less  than  100. 39 

39  (40)     Suckers  with  pointed  apex  and  shallow  cavity. 

Prokocephalus  singularis  La  Rue  191 1- 

Stroblla  long,  lender,  up  to  170  or  even  950  mm.;  maiimum  breadth  0.90  to  i.omm.  Head 
unall,  suckers  large.  No  vestige  of  filth  sucker.  First  proglottid-i  broader  than  long;  mature 
proglottids  a.St  mm.  broad  bi/  a.34  to  o,j7  mm.  long;  ripe  proglottids  longer  than  broad  or 
quadrate.    Old  spent  proglottids  up  to  3.0  mm.  long  by  0.4  mm.  broad. 

Genital  pore  at  end  of  first  one-louitb  to  one-half  of  proglottid.    Testes  75  to  So  or  90,  in  a 
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single  layer,    Vu  deferens  large  mass  of  coils  in  mid-field.    Cirrus-pouch  slender,  n 

straight,  muscular,  length  two-fifths  to  one-thiid  proglottid  width- 
Vagina  always  anterior  to  ciTT\is-pouch,  never  crossing  latter.     Beginniog  region  ol  v; 

narrow.     Uterus  with  to  to  15  lateral  oulpocketings. 
In  intestine  of  Ltpisailna  ptalntamia,  fUinois. 


Fig.  TIS-  Pfolmarlulus  tintiilarii.  a.  Had;  apical  promineon  contnclsd;  t,  aracal 
dlFudcd,  X  so;  I,  ripe  proglottid,  lionlal  scclion  ibowing  mmngrjnenta  of  tatea.  Vltelluia 
vagina  ood  cimiB-pDiidi  not  ahowD,  X  96-    (After  La  Rue.) 


40  C39)    Suckers  round  or  oval  with  smooth  contour. 

Proteocephalus  amblopHlis  (Leidy)  1887. 

Large,  180  to  410  mm.  long,  i  to  i.J  mm-  in  marimum  breadth.  Surface  of  body  rough, 
with  transverse  and  longitudinal  furrows.  Scolei  prominent.  Fifth  sucker  vestigial.  YouDg 
progloltids  11  to  ij  times  broader  than  long.  Mature  and  ripe  progloCtids  broader  tlian 
long,  about  quadrate,  or  rarely  longer  than  broad.  Vitellaria  not  iwsterior  to  lobes  ol  ovary. 
Genital  unus  at  end  of  fiiaC  fourth  of  proglottid.  Uterus  with  15  to  10  lateral  outpocketin^ 
on  each  side.  Cirrus-pouch  pyriform,  muscular,  two-sevenlhs  to  two-fifths  of  [voglottid 
breadth.    Coils  of  vas  deferens  many,  extending  to  middle  of  proglottid.    Testes  70  to  lOo  in 


)]G.    Pnlaaphalta  amihtUHs.    a.  Head.  X  is,    (After  La  RikIi    i.  ripe  proglollid.  Cm 
showing  main  paiti  ol  mak  and  female  lepraducuve  ayslems,  mlgrn'r''.    (AlUr  BencdklJ 


41  (34)     Well-developed  (functional)  fifth  sucker  present. 
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42  {43)     Cimia-pouch  extends  half  way  across  proglottid. 

Proteocephaliu  exiguus  La  Rue  ipii. 

Strobila  ahort,  sleoder,  length  g  to  jS  mm., 
nurimum  breadtb  0.415  to  o.S  mm.  Siitt 
ptoglottida  longer  than  broad  or  nearly  quad- 
rate; matuie  and  ripe  proglottids  longer  than 
broad,  ripe  pioglotlids  con^derably  Ur^,  0.6S0 
to  1.190  mm.  long  by  0.460  Iaa.595  nun.  broad. 
Suckers  0.05S  mm.  broad.  0.069  'o  o.oSt  mm. 
long.  Genital  pore  near  middle  of  Utend  niar- 
gin  of  progkittid.  Testes  34  to  54  in  number, 
in  one  layer.  Vas  deferens  forming  mass  of 
coils  in  mid-Geld.  Vagina  anterior  to  diru*- 
pouch,  trossing  it  neat  middle.  Uterus  with  9 
to  14  lateral  pouches  on  either  adc. 

In  intestine  of  Carepnui  nitripiniiii,  C.  prtg- 
i>«i~..»Lj—  fri^M,    •  H«iH  «.    •"'*•"'  '"<'  '•■  or'wf",  Lake  Micliigui. 

filth  WCUr,     XMi     4P,  uuiLuit  tuv«wi-uu,     ^  w 

(After  La  Rue.) 

43  (43}    Cimis-pouch  less  than  one-third  breadtfa  of  proglottid.    ....    44 
44(45)     Testes  in  one  layer Prokocepkalits  pinguisL&^ut  igii. 

Strobila  short,  slender,  length  up  to 

Kmm.,  majdmum  breadth  1.^4  mm- 
rsl  proglottidi  very  short.  Mature 
and  lipe  progloltida  nearly  quadrate  or 
in  a  few  ripe  proglottids  length  eicecd- 


•SU 


w  npe  progl 
:  breadth. 


Genital  pore  at  or  near  middle  of 
lateral  margin  of  proglottid.  Testes 
54  to  je^  in  a  angle  layer.  Cimis- 
pouch  short,  stout,  o.ij  to  0.14  mm. 
long  by  o.os  to  0.06  mm,  broad,  i  -.3 
or  1 14  in  breadth  of  proglottid.  Va- 
gina anterior,  but  vaginal  opening  al- 
ways doraal  to  dmis-pouch.  Vagina 
ODsdng  inner  end  of  drrus-sheath. 
Uterus  with  10  to  14  lateral  pouches 
on  either  ^de. 
In  intestine  of  Esax  reHeidatits  L« 
■d  in  donal  «  Sueur,  and  E.  Indus  I.inn..  Maine, 
lateral  uterine    Michigan,  and  Wisconsin. 


X  45:  i,  ripe  pnwlMtid,  uH. 
aSw,  X63.    (jffurliRue 

45  (44)    Testes  in  two  layers Proteocepkaius  pusiUus  Ward  1910. 


Fio.iM.  PrM, 
filth  sudur.  X  ra; 
(After  La  Rue.) 


Very  small,  weak;  length  30  to  50  mm., 
maximum  breadth  o.jjo  mm.  Proglottids 
few.  ^ist  proglottids  broader  than  long, 
mature  proglottids  longer  than  broad,  ripe 
prt^oltids  much  longer  (0.84  to  1.4  mm.) 
than  broad  (o.iS  Co  o.js  mm.) 

Genital  sinus  at  end  of  first  one-third  to 
two-fifths  of  proglottid.  Testes  44  Co  70  in 
number,  in  two  layers.  Coils  of  vas  deferens 
few,  anterior  to  drrus-pouch.  Vagina  never 
crossing  dmis-pouch.  Uterus  wiUi  10  to  16 
lateral  pouches  on  each  sde. 

Habitat:  Intestineo(5iiJfluJc&i{«  Gicard 
and  Crislntmer  namayciuk  Walbaum;  Se- 
bago  Lake,  Maine,  Lake  T 


latuie  pnclMtid,  loto.    ; 
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46  {33)     Testes  lie  in  two  lateral  fields  between  vitelUria;    parasitic  in  am- 
phibians, aquatic  snakes,  and  lizards. 

Opkiotaenia  La  Rue  191 1  .    .  47 

Head  globoae  01  -.. 

cuUi  at  oval,  with  n — „ — _ „  .. 

two  ioBi  latexal  &ekl5  anterioi  to  ovaiy.    MuiculatiiTC  weak. 

Id  aquatic  iDslua  and  Amphibia. 


47  (48)    Vagina  always  anterior  to  cimis-pouch,  not  crossing  latter. 

Opkiotaenia  filarotda  La  Rue  1909. 

Wonns  attenuate,  imall,  thin,  flat.  LenEtb  So  to  no  mm,,  maximmn  breadth  about  o.So 
to  a.90  mm.  Suckers  deep,  muacular,  oval,  maximum  diameter  0.165  to  0.184  mm.  Firat 
proglottidE  a.y>  to  0.36  mm.  broad  hy  0.1a  to  0.11  mm.  kmx;  mature  proglottida  quadrate  or 
loager  than  bioad;  ripe  proslottkU  froai  1.6  mm.  to  4.0  mm.  long  by  0.8  mm.  to  0.71  mm. 
bnwd. 

Genital  pore  at  end  oi  fint  fifth  of  prcekittid.    Testea  70  to  1  r4  in  number. 
Few  c(nl>  in  drnis-pouch.     Cirru>.poucta  about  0.31  mm.  long  by  o.ii  mm. 
broad.    Vitdlacia  with  large  foDides.    Uterus  with  95  to  s%  lateral  pouches  on 
each  side.     (For  structure  ol  mature  proglottid  consult  figure  7jo,  page  415.) 
biteatine  <A  Amblyilama  tigrinum  (Green);  Nebraska  and  g«""* 

Fm.  740.    OfUaUtma  flariMa.    Hew]  at  idult,  magnified.    (After  La  Roe  J 


48  (47)     Vagina  either  anterior  or  posterior  to  drr\is-pouch 49 


49  (51)     Genital  pore  anterior  to  middle  of  margin  of  proglottid 50 


50  (51)    Testes  number  90  to  i6a     Opkiolaenia  tSnnbfrgii  (Fuhnnann)  1895. 

Length  i;o  to  190  mm.,  breadth  up  to 
1.35  mm.  Smleio.sotoo.&omm.  broad. 
Suckers  measure  0.14  to  0.16  mm.  long 
by  0.14  to  o.ii  mm,  broad.    First  pro- 

Elottids  about  0.5  mm.  long  by  0.50  mm. 
road;  mature  proglottid  0.S5  to  i.o 
mm.  square,  or  longer  than  broad, 
meajuring  as  much  as  i.s  mm.  long  by 
0.45  too.5  mm.  broad.  Ripe  progk>tti<b 
not  observed. 

Genital  pore  utuated  at  end  of  first 

one-third   or   two- fifths   ol    proglottid. 

Testes  90  to  160  in  number,  extending 

lateral  of  excretory  vessels  and  a  few 

E    into  midione.     Cirrus-pouch  o.i8s  to 

0,180  mm.  long  by  0.05  to  0.085  or  o.io 

mm.  broad,    with  large  mass  of  coils 

ses  ciiTua-pouch.    Uterus  with  35  to  40  lateral  pouchea. 

It  Raf.;  Ohio,  Indioaa. 
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51(50)    Testes  number  150  to  115,     .       Opkiolamia  perspkua  La  Rue  igii. 

Length  up  to  360  nun.,  majiniuin  breadth 
about  i.o  mm.  First  proglottids  ^it,  mature 
proglotCids  quadrate  (i.s  mm.)  or  somewhat  longer 
tban  braad.  ripe  proKlattida  as  much  as  3.S  mm. 
long  by  1,1  mm.  bn«d. 

Genito]  pore  situated  near  middle  or  at  end  of 
I  first  third  of  proglottid.    Teates  150  to  aij.    Vas 

deferens  in  tjpe  proglottids  heavy  mass  of  coils 
reaching  from  end  of  drrus-pouch  to  mid-field. 
R^tio  □(  length  of  dmis-poudi  to  praglottid 
breadth  i  :  4  to  1  :  3.  Vagina  anterior  or  pos- 
toior  to  but  not  crossing  dmis-pouch.  Uterus 
with  ^0  to  30  lateral  pouchei  on  each  side. 

Habitat:  Na&ix  Wtrodia)  rhembiftT  HallooeU: 
Illinois,  Oklahoma. 

Fio.  ;ji.  Ofkiabamia  pirifkua.  a,  Hiad,  X  ay. 
t.  ripe  nriKlottid,  allowing  utaine  poucbci,  aod  UMci. 

52  (49)     Genital  pore  at  or  near  center  of  mar^  of  proj^ottid. 

Opkiotaenia  grandis  La  Rue  1911. 

Very  lon^  (fragments  mo  mm.),  ».7S  to  4.15 
mm.  broad  m  ripe  proglottids.  Hist  pi«lottids 
much  broader  tlmilong;  proglottids  with  develop- 
ing seiuol  organs  quadrate  or  nearly  so;  ripe  pro- 
glottids quadrate  or  much  longer  than  brood. 
Head  large,  i.o  tu  1.3  mm.  broad  at  base  of  suck- 
ers. Suckers  about  0.34  by  0.3,6  mm.  Testes 
large,  numerous,  loolo  ijo.  Cirrus-pouch  0.^4  Co 
0.16  mm,  broad,  0.64  to  0.75  mm.  hmg,  endosug 
few  or  no  coils  of  ductus  ejaculatorius.  Uterus 
with  ^0  to  So  lateral  outpoi^etinp  00  eg 


F)o.  743.  Qphiolotma  trandii.  a.  Head,  showing 
swollen  region  bock  of  head,  X  8;  b^  mature  pro- 
glottid, VEalnl  view  ^owinfT  npniductivr  ornuis  and 
ventral  uterine  pores  (•»«.     X  lo.    tAfterU  Rue.) 

53  (3^)     Many  lappets  or  folds  of  tissue  about  suckers. 

CoralloboUirium  Fritacb  iS86. 

Scolei  with  four  suckers  situated  on  the  flat  anterior  face  of  the  head.  Many  imgular 
folds  and  lappets  of  tissue  about  margin  of  anterior  surface^  may  enclose  suckers  as  in  a  conjla. 
No  rosteltum.     No  books  nor  spines.     Neck  broad,  short.     Habitat:   In  Siluridae. 

Manhalland  Gilbert  report  the  occurrence  of  two  spedes  in  the  common  bullhead.  I  have 
in  undescribal  spedes  taken  from  a  channel-cat  at  MiUord,  Neb. 

54  (31)    Vitellaria  condensed,  in  a  single  mass,  in  medullary  layo-,  usually 

immediately  posterior  to  ovary,  rarely  anterior  to  it. 

Order  CyclopbyllidM  .  .  55 
Scolei  with  4CUP  or  aaucer-shapcd  suckers  and  in  the  center  an  apical  organ  or  TotteUiim  of 
varied  fonn.  Hooks  common  on  rostellum,  very  rare  on  suckers.  Segmentation  well  devel- 
oped, only  rarely  absent  (Fimbriariidae);  proglottids  set  free  after  full  matmiU'.  No  utedne 
pore;  imrily  a  secondary  connection  to  the  eiterior  permits  the  escape  of  ova.  Testes  in  medul- 
laiy  layer,  ordinarily  nivneroos.    Ovary  bilobed;   vitellarium  compact,  single,  near  ovary 
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with  ihcU  gUnd  betwt 
bruiei.     BJaddei-woni 

The  gnat  majority  o<  lorms  commonly  designated  rscnia  aie  included  hen.  Number 
■nd  lonn  o[  hooki  on  which  older  systems  are  hosed  ionn  unieUable  means  for  the  disIJnctioD 
of  spedea.  Id  iounature  ionus  the  organs  utilized  in  this  key  are  undeveloped  and  a  dcter- 
iwirntimi  au  ouly  be  approiiiDate. 

55  (117)    Body  flattened.    Distinct  and  regular  external  boundaries  corre- 

sponding to  internal  grouping  of  organs  in  the  strobila.    56 

56  (57)     Suckers  carry  on  anterior  and  lateral  surface  auricular  a^^nd^es. 
Vitellarium  anterior  to  ovary. 

Family  Tetrabothxhdax  Fuhrmann  1907 

Scolex  unaimed,  without  rostellum.     Neck  short.     Proglottid! 
pt  oldest  sJ L  .._._j__...__  1. ._     ,. J. ..-.._    


eic»t  oldest  always  much  broader  than  long.  Reproductive  organs 
single  in  each  pnwiottid.  Genital  pons  uoilatenl:  genital  doac*. 
de^.    Cinus-poudi  small  and  nearly  spherical,  united  with  genital 


Telrabolhrius  Rudolphi  1819. 


Atic  birds,  largely  marine.   Nearly  tvrenty  spedes 

_~™™i*»ta,  -i^j^-^.^    imberof  wUdi  occur  in  North  American  birds: 

SSdT^SSLSo'  (gull,  grebe,  heron,  loon),  that  frequent  fresh-water  bodies. 

57  (56)  Suckers  simple  without  appendages  of  any  sort.  Vitellaria  not 
anterior  to  ovaiy  but  posterior  to  it,  or  in  the  same  trans- 
verse plane  with  it 58 

SS  (59)    Genital  pores  median,  on  flat  surface  oE  proglottids. 

Family  Mesocestoididae  Fuhrmann  1907. 


Type  genus iSaocesloides  Vaillant  1863. 

With  characters  o[  the  family. 

Few  spBdes;   afanost  never  in  aquatic  forms.    No  North  Ameiican  records  although  the 
genus  occurs  here. 

59  (58)     Male  genital  pores  at  margin  or  very  close  to  it.     Female  pores 

when  present  similarly  located. 60 

60  (104)    Female  genital  pore  present  and  located  near  male  pore.   ...     61 

61  (103)    Uterus  transverse  or  irregular,  not  elongated  in  median  line  of 

proglottid 63 

61  (103)    Reproductive  organs  simple  in  each  pro^ttid  or  if  genital  poies 
are  double,  the  organs  are  also  double 63 

63  (64)    Scolex  provided  with  three  to  many  rows  of  books. 

Family  Dipyudiidae  Ltlhe  1910. 
No  forms  In  fresh-water  hosts. 

64  (63)     Scolex  provided  with  one  or  two  rows  of  hooks  or  without  any 

hooks 65 
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65  (70)    Rostetlum  hassock-shaped  with  a  multitude  of  very  small  hooks 

arranged  in  a  double  row. 

Family  Davaineidae  Fuhnnann  1907  .    .     66 

Scolei  with  rostellum  uaually  broader  than  high  and  aimed  with  veiy  many  Dunute  hunmer- 
diapcd  bixAa.  Margins  of  sucken  usually  with  small  hooka.  Genital  organs  usually  sin^, 
racdy  double  in  each  pn^lottid.    Tcatea  numerous.    Oncbosphcic  with  two  thin  membranes. 

66  (67)    Uterus  divides  into  numerous  separate  parenchyme-capsules. 

Davainea  R.  Blanchard  iSgt. 


Vttna  breaks  down  into  egg  capsules  each  containing  oo' 

mals  and  birds.    Numeroiu  speaes;  roostb  in  scratching 

the  domestic  duck  in  Europe.    No  North  American  records. 

67  (66)    Uterus  not  breaking  up  into  separate  parenchyme-capsitles.    .  .    68 

68  (6q]     No  panuterine  organ;  uterus  sac-shaped.     Roatellum  broader  than 
scolex  with  several  thousand  booklets. 

Ophryocolyle  Friis  1870. 

RoMeUum  broader  than  rest  of  scoleii  suckers 
armed  only  near  anterior  border.  Reproductive  or- 
gans ungle  in  each  proglottid.     Uterus  sac-like,  per- 

sfaore  and  water  birds 


liree  spedes  in  European  shore  and 
le  ol  which  occur  in  North  America. 


69  (68)    Uterus  coiled  in  posterior  end  of  proglottid;    thick-walled  pwa- 

uterine  organ  in  anterior  region.     Rostellum  small;    with 
not  to  exceed  a  few  hundred  booklets. 

Idiogena  Erabbe  186S. 

Small  ceatodes.  Genital  pores  unilateral.  Cimu-pouch  very  Urge,  with  retractor.  Para- 
uterine organ  develops  in  ftont  of  uterus;  %gs  finally  pass  directly  into  it  from  uterus  and  it 
b  transformed  into  single  thick-walled  egg  cuaule.    Adults  in  birds. 

A  few  spedea  in  water  birds;  none  recorded  as  yet  in  North  Ameriou 

70  (65)     Rostellum  sac-like,  or  lacking 71 

71  (82)    Not  more  than  four  testes  in  each  proglotUd. 

Family  Hyuenolepididae  Fuhrmatm  1907.  .    .     73 

Scolei  armed  with  8  to  40.  usually  10  hooka,  with  points  directed  posteriad  when  at  rest, 
on  a  more  or  less  elongated  rostellum  which  rarely  is  rudimentary  and  unarmed.  Genital 
pores  strictly  unilateral  in  entire  stiobila.  Genital  ducts  dorsal  to  excretory  ducts  and  lon^- 
'    "    '  female  glands  median.    Onchosphere  with  three  membranes.    Adults  in 


71  {73)    In  each  proglottid  normally  4  testes.  .    .  Oligorckis  Fuhnnann  1906. 
A  siDgle  q^edcs  in  North  America;  not  reported  in  aquatic  birds. 

73(73)    In  each  proglottid  normally  less  than  four  testes. 74 

74  (79)    In  each  proglottid  normally  three  testes 75 
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75  (76)     Strobila  broad,  lancet-shaped.    Ovary  and  vitellarium  ante-poral, 

alongside  of  testes Drepanidotaenia  Railliet  1892. 

Scold  very  amall,  with  Z  hooks.    Neck  wanting.    No  acceuory  sac  m  genital  atrium. 

Type  species Drepanidolaenia  laitceoiata  {Bloch)  ij&i. 

arious  Cydopidae 


CI 


Fro.  746.    DnpatHiLMtitia  lvtc4alala.    Tninvcne  Kdion   of  proglotti 


reCtpUclE;    t.  vleim;   mi^nifi^     (A^  iVoUniUcel.) 


77  (78)     Suckers  entirely  unarmed,  or  at  most  anned  with  hooks  on  marpn 
only. Bymenokpis  Weinland  1858. 


RoateUum  well  developed,  rarely  rudimentary 
or  a(»3eat.  Acceaaoiy  sac  generally  wantirig  in 
genital  atrium.  Rarely  as  abnonnality  1.  4. 
S.  or  6  testes  in  a  single  progloltid.  Chiefly  in 
land  and  water  birds;   wme  species  in  mam- 

A  very  large  genus;  about  50  species  occur  in 
aquatic  hosts  found  in  North  America.  Among 
them  a  few  are  definitely  reported  for  Nwlh 

America.    H.compreiiaQJntan)  1891  from  the 
scoter  and  canvas-back.      H.  /una  in  which 
F10.M7.    BtmauUpu  mif^p,.    DoreaJ  view     Fuhrmann  places  Linton'i  TrMBM  A/mii  (nnn 
of  mature  Kiment  (no.  itjJ.  RtmnrtmcOontrooi     guUj  at  Yellowstone  Lake. 

;rJs?^^'o(d;?srir,£SsreSS5^^'kSj™:  ,.£Jrt'^';'^"s!^^'*'r^■'^!,^"^ 

naital  cloaca;    nl.  main  lateral  nerve;    i(.  shell     specws  from  land  Inrds)  from  the  pintail  duck; 
(land;  I,  talis:  tm.  Inuisvine  miBcIa;  ■!,  ulenn;     Missouri  River,  Mo. 


VDtral  CI. J  

ileicrctoTy  vnn 


78  (77)     Suckers  anned  on  borders  and  also  in  cavity  with  small  hooklets; 
sacculus  accessorius  always  present. 

Eckinocolyte  filanchard  tBgi. 


Suckers  large,  flat,  oval,  poor  in  musculature,  armed  on  borden  and  m 
ouddle  with  several  rows  ol  small  hooklets.  Muscular,  spinous  sacculus 
accessorius  always  present.     Adults  in  birds. 

Type  species.    .     EchinocolyU  rosseteri  Blanchard  1891. 
u  birds  of  Europe.    Hosts  mostly  found 
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70  (74)     In  each  proglottid  normally  less  than  three  testes. 80 

80  (81)     Two  test^  in  each  proglottid Diorckis  Clerc  1903. 

RoMelhim  with  tiiiele  crown  of  ten  hooka  having  long  dorsal  and  short  ventral  roots,  at 
eiceptionally  very  staon  dorsal  root  and  ventral  root  nearly  as  long  as  the  blade.  Entire 
surface  of  suckers  nuy  be  armed  with  minute  spiaes.  Inner  longiludinal  muscle  layer  con- 
sisting of  8  bundles.  4  dorsal  and  4  ventral.  Two  testes  in  each  proglottid.  Ovary  and  vitel- 
larium  always  median.     Adults  in  birds. 

Four  or  more  spedes  in  European  water  birds.  Most  ol  the  host  ^ledea  occur  in  North 
America,  D.  acMitinata  and  D,  amtricana  were  both  collected  by  Kansom  from  the  coot  m 
Nebnuk*. 


^,  yoikglaikd;  magnified.    (Afcer  RaAvom.} 


81  (80)    One  testis  in  each  proglottid Af^paraksis  Clerc  1903. 


1^ 


Fio.  7St.  Athpanluii  finm.  Tnnaverw  h 
of  procutttd.  female  reproductive  ornns  pat  sh 
Xj6.  (After  elect)  Hook  fwrn  R«iclluin,  X 
CAftet  Kiabbe.) 


Strobila  small  and  slender.  Roslellum 
armed  with  a  ainele  crown  ol  10  hooks,  with 
ventral  root  as  long  or  nearly  as  long  as 
blade.  Suckers  unarmed.  One  testis  dorsd. 
Seminal  veside  large.  Ovary  and  vitella- 
rium  alwa}^  median.    Adults  in  birds. 

Type  species. 
Aploparaksw  jUum  (Goeze)  1782. 

A  dozen  species  described  from  avian 
hosts  both  terrestrial  and  aquatic;  nearly 
all  of  the  spedes  are  found  m  North  Ameri- 
can host  spedes. 


3(71)    At  least  ux  testes  normally  in  each  proglottid. S3 
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83  (83a)     Rostellum  entirely  lacking.     Scolex  unarmed,  very  muscular. 

Family  Anoplocephalida£  Kiiolodkovsky  1903. 
Not  found  m  ftesb-water  hosU. 

83a  (83)     Rostellum  present  and  anned  with  one  or  two  rows  of  hooks. 

Family  Dilepididae  Fuhnnann  1907  .    .     84 

With  rostdlom  anned  with  mn^le  or  double  crown  of  hooki  rarely  in  broken  lig-us  row, 
eiceptionaU^  nidimentary.  Points  of  hoolu  directed  posteriad.  Suckers  unanned.  Genital 
potes  nutrginsl  (mc  84  just  below).  Sex  organs  in  eadi  proglottid  aimple  or  double.  Utenu 
sacculate  01  k>bcil,  umple. 

Oncbo^bere  with  tbiee  membnuus.    Many  genera  chiefly  (ound  in  birds,  rarely  In  lep- 


84  (85)    Genital  pores  submarginELl,  dorsal,  but  never  as  far  as  half  way 

from  margin  to  median  line. 

Trickocephaloides  Ssinitsin  1896. 
Rostellum  powerlu]  witb  single  at 
abort  and  thick  with  long  bristles; 
meat.    Uterus  sac-like;  c^gi  few.    Adults  ui  birds. 
Few  ipedes  in  diore  birds;  parasites  not  reported  (ram  North  America. 

85  {84}     Genital  pores  distinctly  marginal 86 

86  (93)     Genital  pores  uniformly  unilateral 87 

87  (88)    Rostellum  with  sin^e  crown  of  hooks.    Laleriporus  Fuhrmann  1907. 

Rostellum  aimed  with  Mngle  crown  ol  u  to  16  hooks  (uo  to  170^1  long),  with  long  dorsal 
and  short  ventral  root,  and  well -developed  blade.  Proglottids  broader  than  loog.  Genital 
canals  pass  dorsal  of  longitudinal  eicieCoiy  vessels.  Testes  11  to  30  in  number,  situated  pos- 
terior and  laLerol  to  ovary  and  vitellarium.  Uterus  sac-like,  filling  entire  medullary  parcQ- 
chyma  in  terminal  proglottids.    Adults  in  birds. 

plve  oc  more  spedes,  found  in  Europe  in  Anseiiformes;  not  yet  repotted  for  North  America. 


89  (93)    No  ^ines  on  base  of  cirrus 90 

90  (91)    Testes  not  in  front  of  but  behind  ovary  and  vitellarium. 

DUepis  Weinland  1858. 

Roslellum  armed  witb  double  crown  of  hooks  having  long  dorsal  and  short  ventral  root  and 
long  blade.  Inner  longitudinal  musde  layer  consisting  of  numerous  bundles,  Proglotttds 
broader  than  long.  Genital  canals  pass  dorsal  of  the  longitudinal  excretory  vessels  and  nerve. 
Vas  deferens  coued,  seminal  veside  nol  developed.  Testes  in  medullary  portion  typically 
numerous  (40  to  50),  but  may  be  reduced  in  number  {j).  Uterus  sac-like  with  lew  or  numer- 
ous outpocketings.    Adults  in  birds  and  mammals. 

Many  spedes  (rom  various  birds  including  fresh-walei  types  lound  in  North  America. 
D,  tranifuga  from  the  spoonbill  determined  for  North  America  by  Ransom,  D,  unitalcralii 
for  the  green  heron  by  Stiles  and  Hassall,  and  by  A.  J.  Smith;  also  lor  the  little  blue  benm  by 

91  (90)     Testes  very  ntmierous,  entirely  surrounding  the  female  glands. 

Cydorchida  Fuhrmann  1907, 

Rostellum  armed  with  double  crown  of  hooks,  whidi  have  a  very  large  dorsal  root  and  Small 
hook  portion.  Genital  canals  pass  between  longitudinal  excretory  vessds.  Cirrus-pouch 
communicates  with  genital  cloaca  by  narrow  canal  opening  upon  large  papilla.  Uterus  ventral, 
growing  laterally  between  the  eicretoiy  vessels  into  the  cortical  parenchyma  and  filling  entire 
proglottid.    Adults  in  birds. 

In  heron,  crane,  etc.,  in  Europe.    Not  recorded  for  North  America. 
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93  (89)     Root  of  cirrus  with  one  or  two  pairs  of  powerful  books  lying  in 
Special  pockets;  genital  canals  pass  betneen  longitudinal 
excretory  vessels. 

Gryparkynchus  Nordmann  1831. 
(Syn.  —  ActntkBdma  FuhnnBim  1907.) 

Genital  canab  pui  between  the  longitudiiui  eicretory  veucb. 
In  genital  atrium  lateral  to  rcwt  ol  cimit  two  <|iedal  pockets  with  one 
or  two  pain  of  powerful  booki  in  eacb.     Uterus  lac-nke.     Adulta  in 

Ttuie  ipedea  or  more  in  henHu:  not  rtfiorted  from  North  Amcno. 


Fhj.  7s>.     CrytfrkyiKlmi  dmlmcriilnlmi.     Pnisiottid  ' 

dma-fMHidi;  itwrt  heavy  books  in  po^eta  at  tnei^g  ol  dmvpoucli 
gsnital  cloaca.    Mi^nified.    (Alter  CkK.) 


93  (86)     Genital  poies  not  unilateral  but  alternating 94 

94  (97)     Genital  porea  regularly  alternating 95 

95  (96)    Rostellum  with  single  crown  of  hooks.    Less  than  30  proglottids; 

sa>lex  large  1  no  neck Amo^laema  Coaa  iS^. 

Proglottids  much  broader  than  long.  Testes  rather  numerous  (i>  or  more),  in  posterior 
portioa  of  sennent.  Ulenis  sac-Kke,  fills  entire  medullary  portion  of  terminal  progkittids. 
Adults  in  bir&. 

Four  or  &ve  qwdes,  Mme  In  shore  birds  that  occur  m  North  Amenca. 


96  (95)    Two  TOWS  of  hooks  on  natellum. 


Cycliutera  Fuhrmann  1901. 


Roitellum  with  double  crown  of  hooks.  Longitudinal  musculature  in  three  layers.  Geni- 
tal canals  pass  between  the  longitudinal  excretory  vessds  and  open  into  a  very  muscular  cloacal 
canal.    Testes  numerous,  Kattered  throughout  entire  dorsal  medullary  portion  of  proglottid. 

Ovary  and  yolk  gland  surrounded  by  rii  " '"  '""  "       '        '  '"' 

two  shells.    Adults  in  birds.    C.  capUo.  I 
the  roseate  spoonbill  in  North  AmerKa. 

97  (94)    Genital  pores  alternate  irregulaiiy. 
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98  (99)     Uterus  sac-!ike Attomolaenui  Cohn  1900. 

RostcUum  with  double  crown  of  hoolu,  with  kmg  domi  and  short 
ventral  loot,  and  king  blade.  Genital  porea  near  anterior  botder  of 
■^ment.  Genital  canals  pass  between  the  longitudinal  excretory 
vesBeli  and  donal  of  tbe  nerve.  Vas  deferens  coiled,  seminal  vesicle 
''  absent.  Testes  numerous,  in  posterior  portion  of  Btgment  (or  rarely 
laterally  on  both  sides  of  the  female  glands).      Adults  in  birds  and 


Many  spedes  from  both  land  and  water  birds  in  Eun^ie.  A .  can- 
ttricla  from  the  hsh  ciow,  determined  for  U.  S.  A.  by  Ransom.  Many 
European  hosts  of  other  spedes  are  found  in  North  America. 


Uterus  branching  and  in  ripe  proglottids  incompletely  divided  into 
numerous  small  conununkating  oompartments.  . ,   .    .    .100 

t)    One  crown  of  hooks  on  the  rostellum.    Choanotaenia  Railliet  1896. 

Scolex  small.  Rostellum  armed  with  dn^  crown 
of  books  usually  with  long  dorsal  and  short  ventral 
root.  Proglottids  numerous,  rarely  Less  than  30; 
oldest  often  longer  than  «idc.  Genital  pores  irregu. 
latly^  alternate  near  anterior  border  of  proglottid. 
Genital  canals  pass  between  longitudinal  excretory 
vessels  and  dorsal  of  nerve.  Vas  deferens  coiled, 
seminal  vesicle  absent.  Testes  numerous,  in  posterior 
region  of,  or  more  rarely  laterally  on  each  side  of,  the 
female  glands.  Uterus  subdivided  into  numerous 
small  communicatinj;  chambers  incompletely  sepa- 
rated by  partitions  infolded  from  wall  so  that  m  some 
cases  eggs  appear  almost  as  if  isolated  in  parenchyma. 
Adults  in  birds  and  mammals. 

A  dozen   species  or  more  Irom  North  American 

hosts;   land,  shore  and  water  birds  represented.    Ck. 

-  _       .      „,       ...,,.,,        infuiidiMim  is  common  in  chickens  and  is  recorded 

.    H^'5™  SSSCT  ™i5ifi^!^    (or  North  America  generally.    C*.  #<™- occurs  in  a 

nient  ibawicig  reproductive  orgaui  ^aiu-    number  of  aquatic  birds;    it  is  reported  by  Unton 

BhL    (AftalUuom.}  from  gulls  at  Yellowstone  Lake. 

loi  (100)     Rostellum  armed  with  double  crown  of  hooks. 

Monopylidium  Fuhrmann  1899. 

Reproductive  oiltar.i  single  in  each  proglottid.  Genila]  canals  pass  between  longitudinal  ex- 
cretory vessels  and  dorsal  to  longitudinal  nerve  or  to  botb  excretory  vessels.  Testes  numerous 
(10  to  40  or  more),  behind  ovary  and  vitellarium  or  laterally  on  both  sides  of  latter.  Vas 
deferens  coiled:  seminal  vesicle  absent.  Uterus  breaks  down  into  egg  capsules,  each  con- 
taining usually  one  egg.     Adults  in  birds. 

A  doien  spedes  in  European  hosts  which  indude  some  shore  birds  found  in  North  America. 

I03  (61)    Reproductive  glands  simple,  central  in  each  proglottid;    ducts 
and  pores  double,  one  set  on  each  side. 

Dipioposlht  Jacobi  1896. 

Rostellum  armed  with  single  crown  of  ten  hooks.  Suckers  tmarmed.  Inner  longitudinal 
musde  layer,  except  for  two  or  three  small  bundles  lateral  beyond  excretory  vessels,  developed 
in  median  portion  consisting  of  about  ten  dorsal  and  ten  ventral  bundles  of  unequal  sue. 
Outer  longitudinal  muscle  layer  of  numerous  equally  developed  bundles,  interrupted  where 
genital  canals  pass  through.  Outside  thin  layer  of  diagonal  fibers,  at  posterior  end  well- 
developed  muscle  ring.  Genital  pores  maninal,  one  on  each  side.  Testes  few  (3  to  7)  in 
posterior  portion  of  proglottid.    Two  vasa  defereotia.    Semioal  veaides  present  on  each  side 
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amcd  with  itrang  hooka.    Female  gUncU  singte,  median;   two  virtue.    Ens  with  three 


Fia.T57.    DithposOt  lanlt.    Optiol  Kction  of  lipe  proglottid;  iJ.vu  del 
■<,  vildLuii;  »,  onry;  II,  Kiniail  vc^clai  ?,  vacioi;   X  ii.    (After  Jacobi.J 

103  (61)     Uterus  with  median  stem  and  lateral  branches;    female  genital 
glands  in  posterior  end  of  proglottid. 

Family  Taznudae  Ludwig  1886. 
Sootex  irawUy  with  well-developed  rostellum  armed  with  double  crown  of  hooks,  rarely  with 
Tudimentary  unarmed  rostelliun.  Suckers  uoarmrd.  Terminal  segments  longer  than  broad. 
Snroductive  oiguu  liiicle  in  each  proglottid.  Genital  pores  irregularl)'  alternate.  Vaa 
deferens  coiled,  seminal  veside  absent.  Testes  numerous,  scattered.  Double  ovary  poste- 
rior, median,  posleriot  to  winch  is  the  yolk  gland.  Egg  with  thin  outer  membrane,  and  thick 
brown  ndialqr  striated  inner  shell.  Adults  in  -i"""""'  and  birds. 
b  T'oenta  Linnaeus  1758. 


d  the  larval  forms  (cysticerri)  also  occur  in  land-living  lierbivoroua  or  omnivorous 

in  aquatic  mam- 
cat  which  Stile* 
n  the  muskrat. 
104.  (60)     Female  genital  pore  not  adjacent  to  drrus  and  male  pore.  .    .     105 

105  (lis)     Proglottids  without  lateral  appendages.    Female  genital  pore  is 
^  entirely  lacking. 

Family  Acoleidae  Fuhrmann  1907  .    .     106 
Thick-bodied  cestodes  with  rosteDum  usually  armed.    Proglottids  abort.      Musculature 
very  powerful.    Cirrus  sac  very  large;  dims  armed  with  strong  s[Hnes.    Eggs  with  3  Dum- 
brones.    In  birds. 

106  (ill)     Hermaphroditic  forms 107 

107(110)     Male  and  female  genital  organs  ^mple loS 

108  (109)    Testes  nimierous;   seminal  receptacle  very  large;  uterus  a  trans- 

verse tube  anterior  to  ovary.    Male  genital  pores  regularly 

alternate Acoleus  Fuhrmaim  1899, 

Scolei  small  with  armed  rostellum.  Reproductive  organs  single.  Cirrus-pouch  passes 
ventral  of  kmgitudiaal  excretory  vessels  and  nerve.  Vagina  dosed,  functions  as  very  larie 
geminol  receptacle.    Adults  in  water  birds. 

Type  species AcoUus  armatus  Fuhrmaim  1899, 

From  the  black-necked  stilt;  parasite  not  lepotted  from  North  Amerio. 

109  (108)    Testes   few;    seminal  receptacle  very  small;    uterus  endrding 

ovary;  male  pores  irregularly  alternate. 

Gyrocodia  Fuhrmann  1899, 

Rostelimn  armed  with  single  crown  of  hooks  an-anged  in  ziK-zag  row  having  eight  andes. 
Reproductive  organs  ^ngle  in  each  proglottid.  Cirrus-pouch  passes  between  longitumnal 
eicrrtory  vessels  and  dorsal  of  nerve.  Uterus  ring-like,  with  numerous  outpodcetings,  and 
with  (qxniog  in  terminal  proglottids  both  dorsally  and  ventisUy  in  mediaa  WH  of  posterior 
mai^.     Adults  in  birds. 

In  wata  Inrds;  not  tqxirted  in  North  AmeiicB. 
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no  (107)  Male  reproductive  organs  double  and  female  sin^e  in  each  pro- 
glottid with  two  vaginae  functioning  as  large  seminal  re- 
ceplades DiplopJtaUus  Fuhnnann  1900, 

■ 

Large  [ormi  with  small  koIh  and  armrd  n» 
tellum.  Tales  numeroui.  in  two  latet*]  6ekli 
fully  leparaltd  by  mcduui  female  glands.  Cir- 
rus su:  powerful,  dmia  almdcr.  very  long. 
Vagina  a  blind  transvcr»e  canal.  Uterus  at 
first  tnuiavetae  tube;  later  inrgular,  and  finally 
taking  in  entire  medullary  region. 

Type  Species. 

XHplopkaUus  polymorpkus 

(Rudolph))  1819. 


Ill  (106)    Dioecious,  entire  stcobila  male  or  female;   male  with  a  double 
set,  female  with  a  single  set  of  lepioductive  oigans  in  each 

prog^ttid Diokocestus  Fuhnnann  1900. 

Fansle  thicker  and  broMkr  than  male.  V*|^  iiregulaciv  alternating!,  mching  almost  to 
the  edge  of  the  >«inent.  Tettea  numerous,  divtded  more  or  1cm  plainly  into  two  symmetrica] 
ElDups,    Eos  with  three  envelopes.    Mak  ducts  paired  in  every  proglottid.    Adults  in 

Type  Species Dioteocesltu  paronai  Fuhnnann  J900. 

Seveni  apedes  from  grebe  and  ibis;  pansite  not  recorded  from  North  America, 
iia  (los)    Proglottids  cany  lateral  foliate  or  digitate  processes.    Female 
genital  poie,  when  present,  separate  from  marginal  male 
pore.    .    .    Family  Amabiliidae  Ftihrmann  1907  .    .     113 
Rostellum  with  simple  crown  of  hooks.    Proglottids  short  with  laterat  margins  prolonged 
Into  processes.    Musculature  weakly  developed.    Cirrus  sac  large;    cirrus  qiinous.    Duct 
united  with  receptaculum  seminis,  demgnated  as  accessory  vagina,  opeat  ui  cases  on  surface  or 
on  margin  opposite  male  poi«. 
In  water  birds. 

113  (114)     Male  sexual  organs  double  in  each  proglottid.    Accessory  vagina 
with  surface  opening.     Uterus  a  network. 

AmabUia  Diamare  1893. 
Scolex  very  smalt  with  anned  roitellum.  Male  reproductive  organs  double  with  one  pore 
CO  each  side  of  proglottid.  Cirrus  armed  with  strong  sgunes.  Testes  numerous,  m  me^sn 
field.  Female  oigans  median,  single  set  in  each  pioglottid.  Uterus  fonning  network  con- 
titting  of  dorsoventral  ring  with  dorsovential  anastomoses.  Accessory  vagina  opening  ven- 
trallv,  communicating  (?)  with  canal  from  eicretory  system  opening  on  ventral  surtace  of 
pngMttid  in  median  line.     Adults  in  birds. 

Type  and  only  spedea AmabSia  lamelligera  (Owen)  1S32. 

114(113)    Male  organs  single  in  each  proglottid.    Utenis  sac-like. .   .   .     115 
T15  (116)    Rostellum   thick,  powerful.    Male  pores   alternate    irregularly. 
Female  pore,  when  present,  on  surface  of  progkttid. 

Schistotamia  Cohn  1900. 
Rostdlum  very  large,  armed  with  heavy  books.  Between  rostellum  and  suckers  an  """"I" 
thickening  covered  claaely  with  small  three-cornered  books.  Testes  niuneroua,  dona],  poste- 
rior, across  entire  width  of  proglottid,  reaching  maturity  later  than  female  glands.  Ovary 
and  vitetlaiium  large.  Male  duct  runs  between  excretory  canals,  Bccompaoying  vagina  which 
ends  blindly  near  cutlcuta. 

Type  spKJes  S.  ynacrorhyiKKa  b  the  homed  grebe.  Parasite  not  recorded  from  North 
Aaeiica. 
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Rostellum  long,  slender.    MaJe  pores  alternate  regularly.    Female 
pore,  when  present,  always  marginal. 

Talria  Kowalewski  1904. 

SosleUum  with  single  cromi  oi  ■□  to  14  Ioikc  boolu  imd  behind  them 
numnaus  rows  oi  amall  coDical  hooks.  Suckna  and  poaterior  portion 
of  head  covered  with  mlDute  apiDes.  Segments  Dot  numeroua.  Cirrus- 
pouch  latge.  Testes  not  aumeroua.  Male  and  female  canab  pasa  be~ 
tveen  longitudinal  eicretoiy  vessels.  Distal  end  of  vagina  IpaUid  of 
opening  to  eiterior  turns  poaleriad  into  neit  following  proglottid  (od 
opens  into  leniinal  receptacle  there.  Seminal  leceptactes  tnediao;  ac- 
cessory vagina  present  oppo«ile  dmis-pourh.  sometimes  with  opemnf. 
Adults  in -birds  (Urina  tores). 

The  type  species  {Talria  birmii  Eowalewilci  1004)  occurs  in  the 
homed  grebe  and  haa  not  been  reported  far  North  America.  In  iSSr 
Leidyrnwrted  TaenU  lailapmdraliiaaagtmm  this  host  and  thatspedes 
is  [Jaced  here  by  acme  autbora. 


Fonna  ina|a^  pn^ottids  with  ktenl  ipfjeadagea. 


117(55)    External  diviaioQ  of  stiobQa  into  piQ^ottids  lacking 118 


118  (119)    Anterior  portion  of  strobila  folded  and  coiled  to  form  large  pseudo- 
scolex;    strobila  grooved  transversely,  without   true  pro- 
glottid limits.   .    .    Family  FaaOAanDAE  Wolfihtlgel  1898. 
Scolex  small,  utiatable,  frequently  lost,  with  rostellum  armed  with  single  row  of  boc^ 
PaeudoscoIeK  conspicuous.      Strobila  with  transverse  grooves  which  produce  appearance  of 
legmentation.     Three  pairs  of  longitudinal  excretory  vessels.     Reproductive 
organs  not  aegmentally  airsnged.    Genital  pores  marginal,  irregular,  generatly 
unilateral.    Testes  numerous,  arranged  in  transverse  rows.    Uterus  not  persist- 
ent, breaking  down  into  a  large  number  of  egg  sacs,     ^g  spindle-ibapM  with 
thin  tianspaiEnt  shell.   Adults  in  birds  (Anserilormes}. 

Type  genus PimbnaHa  FrSlich  180a. 

(Syn.  —  Epltbm  Linton  tSgi.) 
Two  wdl-known  spedes  both  occur  in  North  American  water  \Atdi;  *  third, 
F.  fiicala  (Ijnton)  189a  is  recoided  from  the  American  scoter. 


Fm.  760.    PImMatia  fllaJa.     Lateal  \ 


:S.    (AlterLiMoaJ 


and  anterkz  Bart  of  body  of 


iig  (118)    Scolex  small,  simple.    Strobila  round  or  nearly  so.    Ml^thout  pro- 
glottid boundary  except  at  extreme  posterior  end. 

Faimly  Neuatotaeniidae  LUhe  1910  .  .  lao 
Scolei  noarmed.  without  rostellum.  At  extreme  posterior  filiform  end  of  strotnla  a  few 
separate  proglottids  visible  eitemally:  these  are  much  longer  than  thick,  sepante  readily,  and 
move  about  independently  a  lont;  time.  Genital  pores  alternate  irregularly.  Cirrus  and 
vagina  pass  dorsal  to  excretory  canals  and  nerve  trunks,  open  into  genital  atrium  "■■■tf""! 
in  lDCat»n.  Male  organ  dorsal,  female  ventral. 
In  intestine  of  Am^iibia. 
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)     Two  testes  in  each  progbttid Nemablaenia  LOhe  1899, 

Stndtila  thicker  near  anterior  end  becoming  thinnec 
and  eventually  &lif(inn,dicular  in  cnna-section.  Neck 
shorti  cuTua^pouch  long,  passing  witl^  longiCuduul 
muscle  layer.  Vaa  delereni  Img,  with  ventral  loc^ 
between  ovary  and  excretory  canals.  Two  testes; 
dorsal  and  symmetriail.  Vitellarium  almost  exactly 
in  center  of  body.  Ovary  ventral,  neariy  median; 
uterus  borseshoe-iliapBl,  breaks  up  early  into  numer- 
ous capsules  with  j  to  4  eggs,  usually  j,  in  each  cap- 
sule becoming  ultimately  ij  to  ja  anujl  duk  uterine 

Records  of  its  occurrence  in  North  America  are  open 
to  question. 

Type  species. 

NemaUilacnia  dUpar  (Goeze)  1781. 

NtmaMatKia  dispor,    Tnosrene  Kction  of 


Cylindrotaenia  Jewell  1916. 

Strobila  thickest  near  center,  becoming  thinner 

towards  both  ends.      Neck  long.      Single  testis 

side  ot  pniglotlid  just  dotui  to 

ter.     Cims-pouch  short,  ending 

».  longiludinal  muscle  layer.  Vas  deferens  short, 
nearly  straight.  Uterus  breaks  up  into  capsules 
"ich  containing  ^  to  6  eggs,  becoming  enclosed 

Type  species. 

Cytindrotaenia  americana  Jewell  1916. 
Perhaps  Taenia  pukhrlla  Leidy  1851  bdongs 


3  (i)    Larval  fonns;  reproductive  organs  undeveloped. 


M,  vildbiia.    Hagaifitd. 


UsuaHy  smaQ  and  unsegmented  though  some  bladder-womu  reach  considerable  sie  and 
even  show  the  beginning  of  proglottid  formation .  On  the  whole  these  larvae  show  little  or  no 
organ  differentiation  and  are  distinguishable  from  adults  by  the  absence  of  characteristic 
_. . w_,.  I ,  jQcyjted  but  tberr ' —  ' 


structures.    Most  laj^ae  aj 


1^3  (134)     Four  long  pioboscides  covered  with  books. 

TtTpwiortijncha  (p.  434). 
Very  rare  but  easily  recognized.     . 

134(133)    Ko  proboscides  with  hooks  present 135 

135  (136)     Scolez  and  sucking  organs  hardly  differentiated  at  aH  and  the 
latter  when  present  never  more  than  two. 

Larvae  of  Psendopbyllidem. 
(See  also  Spartanum,  p,  434.) 

The  anterior  end  of  these  and  other  larvae  is  often  rolled  in  so  that  Its  exact  character  la 
difficult  to  detennine. 
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116(135}     Four  suckers  on  the  scolex  of  the  larva.     .      Cyslicercus  .    .     127 

The  head  of  the  larva  is  inverted  >o  that  these  suckers  are  in  tlic  center  n{  the  mass  and  may 
ea^y  be  overlooked.  Id  the  nanoHei  sense  the  tcnn  cysticercus  is  applied  to  the  Urge  thin- 
walled  bladder-worm  having  a  cavity  of  cuasideiable  Bize  filled  vith  watecy  fluid  in  irhich  the 
ao^ei  grows  from  a  polar  papilla  that  subsequently  hollows  out  givint;  in  reverse  the  scclei  of  the 
adult.  This  larva  belongs  to  the  terrestrial  fauna  and  occurs  only  acddentatly  in  aquatic  fonns 
Uke  the  muskrat  whidi  have  become  a  pait  of  the  aquatic  fauna  secondarily. 


127  (ii8)     Entire  larva  solid  parenchyma  tbsue.    Scolex  invaginated  with 
apex  at  bottom  of  infolding Pltrocercoid. 


Caudal  region  not  differentiated  at  all  or  only  very  poorly  indi' 
cated.  In  general  structure  the  Bothriocepbaud  larvae  <rith  two 
mcldng  grooves  are  like  the  true  pleiocercoids  with  4  acetabiila. 

Lar^  prominently  of  Protcocephalidae.  also  of  Cyclopl^llidea 
Irom  repdJes.  One  ^>edal  form  known  as  GryporkyHchui  has  been 
identified  as  the  larva  of  Diiepia  or  some  allied  genus. 

Fni.  763.  PntUoafli^iH  pletDceicoid;  a.  (men  the  body  cavity;  h,  htm 
cyst,  suckers  dravn  within  body.  Note  lann  end  organ,  shaded;  c,  from 
inccstiDc;  optical  sections,  X  lo.    (Alter  La  Rue-) 


8  (1-37)     Spaces  in  larva  between  folds  of  tissue.    Scolex  in  natural  position, 
surrounded  by  cyst Cystkercoid. 


Usually  with  caudal  appendage 


hollow  of  ttie  cyst,  and  on  the  tail  the  embry- 

. .      _.. i  texture  the  cyst  varies  gready.     Calcareous 

invaginated  layer  between  the  cyst  and  the  scolex  which  cone- 
'aginated. 


Usually  wi.  ,.         „ 

onic  hoidJets  of  the  ondiuspheri 

bodies  abundant,  mo; 

sponds  to  the  neck  w 

Voy  frequent  among  Cyclophyllidea.     Relationship  between  the  cysticercoid  and  the  adult 
nty  be  inf erred  from  careful  examination  of  the  scolex  and  its  aimature. 

No  records  eiist  of  the 
presence  in  North  Ameri- 
ca of  these  forms.     For 


eluded  of  an  abundant 
European  form  Ukely  to 
occur  here  also  in  similar 
aquatic  hosts.  While 
these  eyaticcrcoids  are 
most  frequently  recorded 
from  Copepoda,  Ostra- 
coda,  and  other  small 
aquatic  Crustacea,  they 
occur  also  in  iiimJritu- 
I«u  and  other  small  an- 
nelids, and  more  rarely  in 


fasdtta.  a,bodfOlCidcti 
MiKt,     cosUiung     larval 

same  laiva  wUh  ml— 

longt  t^.  isolated  fr 

cnistacap;  c.  cyttieenxrid 
wilh  eitended  head,  mac- 
nified.    (After  Mriiek.) 
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CHAPTER  XIV 
THE    NEMERTEANS 

By  WESLEY  R.  COE 

SmbU  Stiaaift  Sduel  tf  VtU  VuiMtiUr 

Among  the  fresh-water  animals  of  the  northern  half  of  the 
United  States  occurs  a  slender  little  worm  of  a  beautiful  reddish 
color  belonging  to  the  group  of  Nemerteans.  These  worms  can  be 
easily  distinguished  from  the  other  flatwonns  (Platyhehninthes) 
by  the  slendemess  of  the  body,  and  from  the  other  groups  of  worms 
by  their  perfectly  smooth,  db'ated  bodies  and  their  leisurely  creep- 
ing movements.  The  presence  of  the  proboscis  armed  with  a 
formidable  calcareous  stylet  which  can  be  thrust  out  of  the  opening 
at  the  anterior  end  of  the  body  is  proof  that  the  worm  is  a  ne- 
mertean. 

These  nemerteans  live  along  the  shores  of  lakes  and  streams, 
as  well  as  in  pools  and  artificial  basins  of  water  and  aquaria.  Quiet, 
shallow  areas  of  water  with  a  dense  growth  of  water  plants  are 
particularly  favorable.  The  worms  may  be  found  creeping  over 
the  stems  and  leaves  of  the  water  plants,  among  the  dead 
leaves  and  debris  at  the  bottom,  on  stones  and  objects  in  the 
water,  and  oftentimes  beneath  the  stones  along  the  shore.  The 
under  sides  of  floating  leaves,  as  lily  pads,  particularly  those  par- 
tially decayed,  often  harbor  numbers  of  these  tiny  worms.  They 
are,  however,  local  in  distribution  and  are  seldom  found  in  abun- 
dance over  a  very  wide  area.  When  common  in  a  shallow  inlet  a 
few  yards  wide,  a  further  search  for  a  mile  along  the  shore  of  a 
lake  or  stream  may  fail  to  reveal  a  single  specimen. 

The  worms  are  usually  from  lo  to  i8  mm.  in  length  when  fully 
extended,  but  may  contract  to  a  small  fraction  of  their  former 
length.  They  rarely  exceed  i  mm.  in  diameter.  The  color  varies 
considerably,  shades  of  red,  orat^e,  or  vermilion  being  most  com- 
mon, while  the  smaller  specimens  are  often  pale  yellowish  or  flesh 
colored.    The  anterior  half  of  the  body  is  more  brightly  colored 
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than  the  posterior  portion,  irfiere  the  in- 
testinal lobes  and  reproductive  glands 
modify  the  brilliancy  of  the  coloring. 
Some  individuals  have  a  cast  of  reddish 
brown. 

On  the  anterior  end  of  the  body  are 
usually  six  black  pigment  spots,  or  ocelli, 
arranged  symmetrically  in  three  pairs  {o, 
Fig.  765).  Smaller  specimens  may  have 
but  four  ocelli,  and  occasional  irregularities 
occur  in  which  the  nimiber  may  be  five, 
seven,  or  eight. 

It  is  to  the  internal  organization  of  the 
body,  however,  that  one  must  look,  for 
those  characters  which  are  mainly  used 
in  the  classification  of  the  nemerteans. 
These  structures  must  be  studied  in  most 
species  by  means  of  serial  sections,  but, 
.  fortunately,  the  fresh-water  forms  are  so 
nearly  transparent  that  the  principal  or- 
gan systems  of  the  body  may  be  studied 
in  the  living  animal.  It  is  only  necessary 
to  place  the  worm  on  a  slide  with  a  small 
drop  of  water  and  flatten  the  body  be- 
neath a  cover  glass.  When  such  a  speci- 
men is  examined  under  the  low  powers 
of  a  microscope  the  principal  anatomical 
features  are  easily  made  out. 

Particularly  characteristic  is  the  probos- 
cis, a  strong  muscular  organ  (p,  Fig.  765) 
contained  in  the  rhynchocoel  and  en- 
closed by  the  proboscis  sheath.  This 
organ  extends  from  the  anterior  extrem- 
ity nearly  to  the  posterior  end  of  the  body. 


fuiglu:G,goud;f .- , 

■;  J!,rt7Dcliod>cuid;XC,rtiyDdioc«di  XV.ntnctarnnudeafprabaKit;  S, 


76;.  SHcAffj/nniM  (Hi™..  (Leidy).  Dligimi ot  living  inifl- 

"       '    '  cr.  ciijiallc  fiuiDw;  CG.  coebni 

tiV.]Ucnlurve;p,oC(llu*;F^ptD- 
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Back  toward  its  posterior  third,  the  proboscis  is  aimed  witli  a 
needle-like  calcareous  stylet  (i)  resting  upon  a  solid  conical  baas. 
Beside  the  central  stylet  there  are  two  lateral  pouches  each  con- 
taining 2,  3,  or  4  accessory  stylets  of  size  and  shape  similar  to  the 
central  stylet.  The  proboscis  is  considerably  longer  than  the  sheath 
in  which  it  lies  coiled  and  to  which  it  is  attached  at  both  ends. 
By  means  of  its  powerful  musculature  it  can  be  thrust  out  of  the 
anterior  end  of  the  body.  This  process  of  eversion  turns  the  ante- 
rior part  of  the  proboscis  inside  out  and  brings  the  central  stylet 
to  the  end  of  the  everted  organ,  where  it  constitutes  a  foruiid- 
able  weapon  of  defense  or  oSense.  After  eversion  the  retractor 
muscle  at  its  posterior  end  withdraws  the  proboscis  to  its  original 
position. 

The  mouth  and  proboscis  open  together  through  the  rhyncho- 
daeum  (r)  at  the  anterior  end  of  the  body.  The  esophagus  leads 
into  a  broad  stomach,  and  this  into  the  intestine  with  its  numer- 
ous lateral  lobes.  At  the  anterior  end  of  the  intestine  a  pair 
of  pyloric  ceca  (c)  extend  forward  to  the  brain.  The  short  rec- 
tum leatfe  to  the  openmg  at  the  posterior  end  of  the  body.  The 
nemerteans  feed  upon  other  w;orm3  and  soft-bodied  animals  of 
various  kinds. 

The  central  nervous  system  consists  of  the  four  cerebral  ganglia 
and  a  pair  of  large  longitudinal  lateral  nerves  (In).  These  are 
easily  seen  in  the  living  worm. 

The  excretory  system  extends  the  entire  length  of  the  body  as  a 
series  of  delicate  tubes  with  several  efferent  ducts  leadit^  to  each 
side  of  the  body.  The  three  longitudinal  trunks  of  the  blood 
vascular  system  are  often  distinctly  seen  in  the  living  animal. 

The  fresh-water  nemerteans  are  hermaphroditic,  and  usually 
protandric.  The  gonads  are  arranged  serially  along  each  side  of 
the  body  between  the  intestinal  lobes.  Each  gonad  bears  both 
male  and  female  genital  products,  which  are  discharged  when 
mature  through  a  small  pore  opening  on  the  side  of  the  body. 
The  male  sexual  elements  are  formed  hrst,  and  in  the  smaller  and 
evidently  younger  worms  the  gonads  are  filled  with  developing 
spermatozoa.  Later,  and  after  the  discharge  of  a  portion  of  the 
spermatozoa,  the  eggs  begin  their  development. 
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As  a  rule  a  ai^le  egg  is  formed  in  each  gonad,  although  some- 
times there  are  two.  Even  when  the  eggs  are  fully  formed  there 
remains  in  each  gonad  a  portion  of  the  spermatozoa  previously 
formed.  This  fact  has  led  certain  investigators  to  conclude  that 
self-fertilization  may  sometimes  occur.  The  e^s  are  fertilized  after 
depo^tion,  however,  and  the  gregarious  habits  of  the  worms  pre- 
sumably insure  the  presence  of  spermatozoa  from  other  individuals 
which  may  eflfect  cross  fertilization  in  whole  or  part. 

The  eggs  are  deposited  in  a  double  string  embedded  in  a  jelly 
which  attaches  them  to  the  water  plants  or  other  objects  on  which 
the  worms  are  found.  They  are  beautiful  objects  by  which  to 
illustrate  the  processes  of  fertilization,  maturation,  cleavage  and 
the  development  of  the  embryo. 

The  worms  may  be  kept  alive  for  a  long  time  in  aquaria  contain- 
ii^  water  plants,  and  under  suitable  conditions  will  continue  to 
Kve  and  breed  year  after  year.  They  thrive  under  the  conditions 
found  in  botanical  gardens,  where  large  basins  of  water  are  used 
in  the  cultivation  of  exotic  water  plants. 

Although  the  nemerteans  are  represented  by  numerous  genera 
and  species  in  the  oceans  in  all  parts  of  the  world,  only  a  few  forms 
occur  in  fresh  water  and  a  few  others  in  moist  places  on  the  land. 

In  North  America  only  a  single  genus  is  known  from  fresh  water, 
and  of  this  genus  the  described  species  are  so  closely  dmilar  as  tc 
lead  to  some  doubt  as  to  whether  more  than  a  single  species  is 
actually  represented. 

Bi  1850  Leidy  published  a  brief  and  imperfect  description  of  a 
nemertean  found  in  the  vidnity  of  Philadelphia,  which  species  he 
described  as  Emea  rubra.  Silliman  later  found  the  same  or  a 
very  similar  species  in  New  York  State,  to  which  he  gave  the  name 
TelTOstemma  aquarium  dulcium,  and  included  Leidy's  spades  therein. 
Montgomery,  in  1896,  described  under  the  name  Stkhoslemma 
asensoriatum,  a  similar  spedes  from  Pennsylvania,  while  appar- 
ently similar  forms  have  been  recorded  from  Connecticut,  Illinois, 
Nebraska,  and  Washington.  The  worms  are  thus  known  to  occur 
from  the  Atlantic  to  the  PadfLc  coasts  and  have  probably  been 
observed  at  numerous  unrecorded  localities  in  the  intervening 
territory. 
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But  whether  the  nemerteans  from  these  widely  separated  local- 
ities represent  a  single  or  several  distmct  species  is  not  yet  defi- 
nitely known.  Since  fresh-water  nemerteans  amilar  to  ours  are 
found  in  England,  Germany,  and  other  parts  of  Europe,  and  in 
Asia  and  Africa,  a  careful  study  of  ^>ecimens  from  many  Ameri- 
can localities  is  necessary  to  settle  the  question  of  nomenclature. 
For  it  is  not  improbable  that  some  of  the  locnJities  mentioned 
have  been  stocked  with  forms  transported  from  other  pnrts  of  the 
country,  or  from  other  quarters  of  the  world.  The  importation 
of  cultivated  water  plants  furnishes  ideal  conditions  for  the  intro- 
duction of  the  nemerteans  associated  with  them. 

A  recent  study  indicates  that  the  species  found  in  Connecticut 
is  identical  with  that  recorded  by  Montgomery  from  Pennsylvania. 
This  ^>ecies  differs  in  certain  anatomical  details  from  any  of  the 
described  exotic  forms,  but  is  evidently  synonymous  with  Leidy's 
Emea  rubra.  Since  there  is  nothing  in  the  published  descriptions  of 
g>ecimens  from  other  North  American  localities  to  indicate  a  spe- 
cific distinct[on  it  is  at  present  possible  to  recognize  but  a  single 
species,  to  which  the  name  Slichosiemma  rubrum  (Leidy)  should  be 
app]3ed. 
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FREE-LIVING   NEMATODES 

Bv  N.  A.  COBB 

U.  S.  DtpartwuHl  ff  ActicHllan 

PRAcncALLY  any  coUection  of  sand,  mud,  debris  or  aquatic  veg6- 
tation,  from  standing  or  running  water,  in  any  part  of  the  coaa- 
try,  will  yield,  on  ejtamination  with  a  hand  lens,  minute  slender 
organisms  which  whip  themselves  about  by  means  of  more  or 
less  rapid  contortions  of  the  whole  body.  This  type  of 
movement  identifies  them  as  nematodes;  it  differs  from  that 
of  other  small  organisms  in  that,  though  often  v^orous  and  con- 
^icuous,  it  is  in  one  plane  only,  the  dorso-ventral  plane  oi  the 
body,  and  in  that  the  length  and  proportions  of  the  body  mean- 
while remain  unchanged.  In  pure  water,  moreover,  this  thrash- 
ing about  seems  to  produce  no  locomotion;  the  animal  remains 
in  the  same  spot  unless  among  vegetation,  debris  or  particles 
of  soil.  When  quieted  by  stupefying  or  killing,  these  fresh- 
water nematodes  ("threadworms"  or  "roundworms")  are  seen 
to  be  more  or  less  cyhndroid  iinsegmented,  without  locomotor 
appendages,  varying  in  length  up  to  a  centuneter  or  more. 
They  belong  to  a  group  in  the  animal  kingdom  comparable  in 
number  and  importance  with  the  msects;  nematodes  of  other 
sorts  live  free  in  the  soil,  and  in  the  sea,  .and  infest  as  parasites 
an  immense  variety  of  plants  and  other  animals.  They  are  in- 
conceivably abimdant.  A  tablespoonful  of  ooze  from  the  bottom 
of  the  ocean  may  contain  thousands  of  specimens.  The  number 
of  nematodes  in  the  top  six  inches  of  an  acre  of  ordinary  arable  soil 
is  shown  by  statistical  calculations  '~o  reach  thousands  of  millions. 
The  niunber  of  eggs  vastly  exceeds  even  that  of  adults;  for  they 
are  usually  very  prolific,  a  single  female  sometimes  producing 
hundreds  of  thousands  of  eggs. 

Even  the  free-living  soil  and  water  nematodes  have  become 
adapted  to  an  astounding  variety  of  habitats;  they  occur  in  arid 
deserts,  at  the  bottom  of  lakes  and  rivers,  in  the  waters  of  hot 
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springs  and  in  polar  seas.  They  were  thawed  out  alive  from 
Antarctic  ice  by  members  of  the  Shackleton  expedition.  An  exam- 
ination of  beet  seeds  imported  into  the  United  States  disclosed 
the  presmce  on  them  of  several  species  of  nematodes.  The  tap 
water  of  even  well-conducted  cities  often  contains  nematodes. 
Their  microscopic  eggs  and  larvae,  even  more  readily  than  the 
adults,  are  transported  from  place  to  place  by  an  exceedingly  great 
variety  of  agencies.  They  are  carried  by  the  wind,  by  flying 
birds  and  running  animab,  they  float  in  all  the  waters  of  the  earth, 
and  are  shipped  from  point  to  point  throughout  the  civilized  world 
in  vehicles  of  traffic.  Sometimes  the  eggs  and  larvae  are  so  re- 
sisUnt  to  dryness  that  if  converted  into  dust  they  revive  again 
when  given  moisture,  even  after  as  long  a  period  as  a  quarter  of 
a  century.  There  are  beneficial  nematodes,  though  knowledge  of 
this  phase  of  the  subject  is  in  its  infancy.  Some  nematodes  feed 
exclusively  on  their  injurious  brethren.  Others  devour  baneful 
micro-organisms.  Their  adaptations  in  these  respects  appear  to  be 
similar  to  those  of  insects. 

The  small  fraction  of  the  fresh- water  nematodes  of  North  America 
at  present  known,  comprises  oniy  about  thirty  genera,  but  these 
present  such  a  variety  of  form  that  a  thorough  knowledge  of  them 
insures  a  fair  understanding  of  all  the  free-living  nematodes.* 

The  number  of  nematode  species  is  enormously  greater  than 
commonly  supposed.  Since  most  species  of  vertebrates  are  in- 
fested by  one  or  more  nematodes,  and  with  comparatively  few  ex- 
ceptions a  given  parasitic  nematode  infests  but  one  host,  it  may  be 
estimated  that  more  than  80,000  nematode  species  infest  the  forty 
odd  thousand  species  of  vertebrates.  Insects,  also  much  infested, 
will  add  many  thousands  of  species.  The  molluscs,  crustaceans, 
and  various  groups  of  worms  are  also  infested,  and  investigation 
continues  from  this  source  also  to  augment  the  number  of  known 
spedes  of  parasitic  nematodes. 

Numerous  as  the  parasitic  spedes  are,  it  is  certain  that 
the  spedes  of  nematodes  living  free  in  soil  and  in  water  far 

*  In  an  attempt  to  distinguish  the  para^tic  nematodes  from  the  aquatic  and  soil- 
inhabiting  nematodes,  the  latter  are  usually  assigned  to  the  group  of  free-living  nema- 
todes, — an  atbitraiy  claa^ficatioo  not  based  oa  aatursl  relatioiuhips. 
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outnumber  them;  and  the  number  of  free-livii^  individuals  is 
so  great  that  they  probably  constitute  one  of  the  important 
mechanical  as  well  as  biological  factors  in  soil,  and  in  the  bot- 
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toms  of  lakes  and  oceans.  The  aquatic  nematode  species  exist 
in  enormous  numbers,  in  both  fresh  and  salt  water,  while  the 
number  of  individuals  is  past  computation.    The  unavoidable  con- 
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elusion  is  that  tliere  must  be  hundreds  of  thousands  of  species  of 
nematodes. 

Nearly  all  the  tissues  of  the  fresh-watei  nematodes  are  compara- 
tively colorless  and  transparent,  and  whatever  decided  color  the 
body  possesses  is  usually  confined  to  the  intestinal  region.  The 
cells  of  the  intestine  itself  are  sometimes  colored  by  the  presence 
in  them  of  granules  of  a  faint  yellowish  or  brownish  tint,  and 
the  middle  portions  of  the  body  are  thus  rendered  yellowish  or 
brownish.  The  color  of  the  ingested  food,  showing  through  the 
tissues  of  the  body,  is  also  sometimes  a  color  factor.  The  food 
varies  in  color  from  nearly  black  to  colorless,  and  the  body  is 
correspondingly  tinted.  Species  feeding  on  the  juices  of  plants 
are  usually  nearly  colorless,  e.g.,  species  of  Tylenchus  and  Apke- 
lenchus.  A  few  species  possess  colored  eye-spots  near  the  head. 
In  some  q)edes  the  esophagus  contains  yellowish  or  brownish 
pigment. 

Most  genera,  and  even  some  species,  of  fresh-water  nematodes 
have  a  world-wide  distribution.  The  small  size  and  the  vitality 
of  the  individuals  favor  their  transportation  in  a  great  variety  of 
ways,  one  of  the  most  efl&dent  vehicles  being  the  feet  of  flying 
water-fowl.  Possibly  some  of  the  aquatic  spedes  are  as  resistant 
to  dryness  as  are  rotifers,  aod,  as  "dust,"  are  blown  about  in  the 
same  manner.  Certain  spedes  of  plant-infesting  nematodes  will 
revive  after  many  years  of  defecation. 

Another  cause  of  this  wide  distribution  is  the  fact  that  fresh- 
water nematodes  adapt  themselves  to  a  great  variety  of  depths  and 
temperatures.  They  are  found  as  near  the  poles  as  are  any  other 
organisms.  They  occur  in  practically  every  body  of  water  where 
extreme  conditions  do  not  predude  life  of  any  kind.  Few  organ- 
isms are  so  easy  to  find. 

The  outer  covering  of  a  nematode  is  composed  of  a  non-cellular 
layer  usually  divided  into  two  parts,  the  cuticula  and  the  subcutic- 
ula.  These  groups  are  not  easily  defined,  but  the  natural  division 
line  is  probably  between  the  outer  layers  that  are  to  be  shed  at  the 
next  moult,  and  all  the  other  layers.  Thus  the  subcuticula  in  turn 
becomes  the  cuticula.  The  cuticula  is  composed  of  about  three 
layers  and  the  subcuticula  of  about  an  equal  number.    Though 
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some  of  the  markings  usually  to  be  seen  in  the  cuticula  are  due  to 
sense  organs  or  to  pores,  most  of  them  are  inherent  structural 
markings.  These  markings  are  used  as  specific,  and  in  some  cases 
as  generic,  characters. 

The  cuticula  of  almost  any  species,  if  examined  with  sufficient  care, 
will  show  transverse  striations,  ranging  in  the  various  species  from 
a  few  score  to  upwards  of  a  thousand.  « 

Many  species  described  by  earlier  writers 
as   destitute  of    these  striations  really 
possess    them.     When    very    fine    the     „ 
transverse  striae  are  best  seen  at  the    / 
extremities  of  the  organism.     In  some     ' 
genera  the  striae  are  apparently  due  to 
the  constant  bending  of  the  body  in  the 

dorso-ventral  plane.  This  pecuUar  mo-  p^  ^^^  Di««mltfc  ««Mecti«, 
tion,  which  is  universal  among  nema-  S."SJ£y?%rlM^' .r^JSSS 
todes,  and  continuous  from  birth  to  M*;i'.&!^u.Sb?''ii£'"'^iS 
death,  unceasingly  stretches  and  then  !sri,b^B'^'°S!hJSSJl; 
compresses  the  dorsal  and  ventral  sur-     ««.eSSd'y.  tbae  to^'bri«,"S 
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stretched  the  Other  is  compressed.  This  «■«.  mu**  aiit  (Aiincobb.) 
results  in  characteristic  appearances,  such  as  the  more  pronounced 
striation  of  the  dorsal  and  ventral  surfaces,  the  interruption  and 
variation  of  the  striations  near  the  lateral  lines,  and  the  presence  on 
the  lateral  fields  of  various  longitudinal  striations.  In  some  genera 
the  striations  are  compound,  that  is,  each  transverse  striation  is 
resolvable  into  a  row  of  dot-like  markings,  either  round  or  elongated. 
These  secondary  markings  may  be  again  resolvable,  the  result  being 
a  very  complex  series  of  exceedingly  minute  markings.  The  trans- 
verse striations  are  usually  more  or  less  plainly  interrupted  near  the 
lateral  lines.  Oblique  striae,  such  as  are  to  be  found  in  the  large 
parasitic  nematodes,  sometimes  occur  in  the  fresh-water  species, 
in  some  Mermithidae,  for  instance. 

The  longitudinal  striations  are  of  two  kinds:  (i)  True  stria- 
tions of  the  cuticula  due  to  certain  stiffening  structures  or  "wings," 
and  (2)  internal  markings  due  to  the  attachment  of  the  cells  of  the 
muscular  layer  and  of  the  lateral  fields.    The  longitudinal  stria- 
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tions,  when  they  are  really  cuticuiar  structures,  are  hlcely  to  appear 
in  some  multiple  of  four.  Since  they  occur  on  each  side  of  the  two 
lateral  lines,  aqd,  naturally,  in  a  symmetrical  way,  the  smallest 
number  possible  is  four.  Two  on  each  side  of  each  lateral  line 
would  make  eight  in  all,  a  state  of  things  exemplified  in  lola.  In 
DiplogasUr  the  number  is  about  sixteen  to  thirty-two,  and  ap- 
parently these  mmibers  also  prevail  in  some  Dorylaimi. 

The  various  elements  of  the  cuticula  originate  in  certain  cells  in 
the  bngitudinal  fields,  which  early  in  the  development  of  the  em- 
bryo become  separated  from  the  ectoblastomere  group  of  cells.  One 
of  the  first  two  somabUistomeres,  the  primary  ectoblastomere,  divides 
and  spreads  systematically  over  the  endoblastomeres.  By  further 
divisions  the  primary  ectoderm  thus  formed  gives  rise  among  other 
things  to  the  cuticula.  The  nuclei  of  the  ectoblast  cells  destined 
to  form  the  cuticula  of  the  embryo  arrange  themselves  in  longitudi- 
nal lines.  Increasii^,  and  functioning  from  these  lines  they  become 
specially  active  at  each  moult  in  producing  a  new  layer  of  cuticula. 
At  moulting  time  the  activity  of  the  cuticula-forming  cells  in  the 
lateral  fields  b  indicated  by  an  increase  in  the  size  of  the  nuclei 
and  the  growth  from  them  of  excessively  fine  elements  forming  the 
cuticula.  The  lateral  fields  appear  to  be  the  leading  members  of 
this  group  of  cuticula  builders.'  This  is  in  harmony  with  the  greater 
abundance  and  variety  of  the  lateral  cuticuiar  structures. 

In  the  course  of  its  development  a  nematode  sheds  its  skin 
about  four  times,  —  and  often  appears  to  be  about  as  active 
during  the  moulting  period  as  at  other  times.  In  some  species 
the  changes  that  take  place  at  the  time  of  moulting  are  of  a 
striking  character,  reminiscent  of  the  metamorphoses  in  other 
groups,  though  no  true  metamorphosis  takes  place.  Thus  we  have 
in  the  last  moult  of  the  males  in  some  species  of  lota  a  marked  alter- 
ation, viz.,  the  loss  of  the  oral  spear.  This  so  alters  the  appear^ 
ance  of  the  male  that  one  unfamiliar  with  the  facts  would  not 
class  the  adult  males  in  the  same  genus  as  the  females. 

During  the  moulting  period  the  cuticula  is  thicker  and  looser,  — 
sometimes  very  loose.  The  lining  of  the  mouth  and  esophagus, 
as  well  as  that  of  the  rectum,  is  shed  at  the  same  time  as  the  outer 
cuticula.    At  this  time,  therefore,  the  mouth  parts  take  on  unusual 
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appearances.  If  the  pharynx  is  anned  with  teeth  these  are  often 
seen  in  duplicate.  In  a  moultii^  Doryhimus,  for  instance,  one  may 
see  the  old  spear  or  tooth  and  behind  it  a  second  smaller  one,  and 
in  some  cases  even  a  third.  The  nature,  or  the  presence,  of  stria- 
tions  may  become  more  evident,  or  less  evident,  at  the  moulting 
period  than  at  other  times.  Remnants  of  old  skin  attached  to 
newly  moulted  individuals  have  sometimes  given  rise  to  erroneous 
deductions  and  to  errors  in  taxonomy. 

The  nervous  system  centers  in  the  so-called  nerve-ring,  which  in 
free-living  species  encircles  the  esophagus  near  the  middle  of  the 
neck.  This  ring  is  composed  of  interwoven  nerve-fibers  which, 
taken  together  with  the  groups  of  nerve  cells  immediately  in  front 
of  and  behind  them,  form  what '  is  undoubtedly  a  rudimentary 
brain.     (See  Rkabdolaimus.) 

Eyes,  or  rather  eye-spots,  are  known  in  one  or  more  species  of  the 
following  fresh-water  genera:  Doryhimus,  Diplogasler,  SpUophora, 
Cyatholaimus,  Chromadora,  and  Monhyslera.  The  visual  organs 
in  their  most  complete  form  consist  of  well-defined  subq)herical 
cuticular  lenses  placed  in  front  of  collections  of  reddish,  violet,  or 
blackish  pigment-granules.  Usually  two  such  organs  are  placed 
symmetrically,  one  on  either  side  of  the  esophagus,  between  it  and 
the  body  wall,  and  in  a  dorsally  sublateral  position.  Nerves  pass 
backward  from  the  eyes  to  the  nerve-ring.  It  is  doubtful  whether 
the  lenses  form  images  that  are  perceived,  though  no  doubt  the 
more  periect  of  the  lenses  found  in  nematodes  are  capable  of  form- 
ing excellent  images.  Probably  the  lenses  serve  merely  to  collect 
and  condense  light.  Usually  the  eye-spots  are  mere  collections  of 
pigment  without  lenses.  Eye-spots,  or  what  appear  to  be  such,  may 
occur  embedded  in  the  esophagus.  It  is  probable  that  the  great 
majority  of  species,  even  when  without  specialized  visual  organs, 
perceive  light  by  its  direct  action  on  the  nervous  system.  A 
few  experiments  will  convince  anyone  that  many  eyeless  species 
distinguish  the  direction  from  which  the  light  comes.  There  is  no 
satisfactory  evidence  that  nematodes  hear. 

At  various  points  on  the  surface  of  the  cuticula  there  are  found 
innervated  papillae  andsetae,  which  appear  in  most  cases  to  be  tactile 
organs.    Sometimes,  however,  they  are  associated  with  glands,  as, 
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for  instance,  in  the  case  of  the  supplementary  organs  of  the  rpales. 
These  papillae,  hairs,  and  setae  all  belong  to  the  same  general  class  of 
structures,  but  various  terms  are  applied  to  them  in  accordance  with 
their  size  and  location.  The  special  hairs  found  on  and  near  the 
Ups  are  known  as  cephalic  setae,  in  contradistinction  to  the  large 
hairs  or  setae  sometimes  found  at  the  posterior  extremity,  the 
caudal  and  terminal  setae.  The 
setae  are  no  doubt  mainly  tac- 
tile in  function,  though  it  seems 
certain  that  some  of  the  ce- 
phaUc  setae  and  papillae  serve 
also  as  organs  of  taste  and 

Pra-TfiS.  Head  oil  EKmUodedliicnaunUic).  i.tUt    SmcU. 
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setae.  These  probably  follow  a 
definite  law  in  their  distribution,  but  are  so  small  that  the  exact 
distribution  b  difficult  to  make  out  and  has  been  studied  in  but 
few  cases.  While  it  is  not  established  that  their  distribution 
accords  with  a  segmentation  theory,  this  matter  is  worthy  of  care- 
ful study.  Sometimes  the  hairs  occur  in  harmonic  repetition  on 
successive  groups  of  aimules.  The  papillae  of  the  cuticula  are  setae 
that  do  not  project  beyond  the  surface,  or  not  far  enough  to  entitle 
them  to  be  called  setae.  They  should  not  be  confoimded  with 
pores,  or  with  mere  projections  of  the  surface  of  the  cuticula. 
Neither  of  these  latter  are  innervated.  Tactile  structures  sup- 
plementary to  the  sexual  organs  are  found  on  the  tail  end  of  the 
male  both  in  front  of  and  behind  the  anus,  generally  toward  the 
ventral  side.  They  are  much  more  rare  in  the  female,  being 
located,  when  present,  near  the  vulva. 

What  are  known  as  the  amphids  or  lateral  organs  are  of  such 
wide^read  occurrence  among  free-living  nematodes  as  to  make  it 
seem  certain  that  their  function  is  of  fundamental  importance,  but 
what  the  function  is  remains  a  mystery.  The  amphids  are  two 
lateral,  symmetrically-placed  external  cephalic  organs.  The  ex- 
terior part  has  the  form  of  a  circle,  spiral,  helix,  or  elongated  figure, 
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the  heiix  or  spiral  being  the  fundamental  form  of  the  main  cuticular 
outer  lateral  markings  that  serve  so  good  a  purpose  in  characterizing 
species.  These  external  marking  are  imdoubtedly  in  some  species 
connected  with  internal  series  of  lateral  organs  arranged  in  two  rows, 
one  along  each  lateral  field,  extending  throughout  the  length  of  the 
body.  One  more  or  less  plausible  theory  concerning  the  amphids  is 
that  which  proposes  to  regard  them  as  breathing  organs.  It  is  only 
very  exceptionally  that  they  are  known  to  have  special  direct  con- 
nection with  the  central  nervous  system.  Such  connection  would 
be  expected,  if,  as  some  suggest,  they  are  oi^ans  of  sensation. 
Their  apparent  homologues  found  in  some  parasitic  nematodes 
seem  rudimentary.     Possibly  they  are  organs  of  equilibration. 

In  describing  the  digestive  system  it  is  necessary  to  consider  the 
mouth  parts,  the  sahvary  or  mouth  glands,  the  esophagus,  the  in- 
testine, and  the  rectum.  Roughly  speakii^,  the  mouth  parts  may 
be  divided  into  two  main  groups:  those  adapted  to  biting  and  those 
adapted  to  sucking.  The  various  fonns  of  the  pharyngeal  cavity 
in  the  biting  group  are  shown  in  the  adjacent  illustrations,  together 

now  Codnid  ConciTft.      CyUliifiirB    Cntblfomi,        Cylindnid         Cain[DqDd 
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with  their  corresponding  nomenclature  (Fig.  769}.  The  formation  of 
the  pharynx  in  the  sucking  groups  is  more  tmiform.  The  soft-Upped 
species  are  intermediate  in  form  and  are  adapted  to  seizing  and 
swallowing  various  microscopic,  organisms,  both  plant  and  animal. 
The  mouth  cavity  or  pharynx  is  usually  more  or  less  strongly 
lined  with  cuticula,  and  often  furnished  with  cuticular  parts  serving 
various  purposes  according  to  the  food  habits  of  the  species.  Where 
the  lips  are  muscular  and  mobile,  not  infrequently  they  are  sup- 
plied with  rather  compKcated  gripping  organs  arranged  like  the 
jaws  of  a  lathe  chuck.  This  arrangement  of  the  mouth  parts  is 
well  illustrated  in  Enoplus;  the  reverse  motion  for  ripping  tissues 
open  is  shown  in  Ironus  (Fig.  781).  Mononchus  (Fig.  782)  shows 
the  development  of  ^  muscular  lips  with  opposing  pharyngeal 


.dbyCoOgIc 


468  FRESH-WATER  BIOLOGY 

teeth  used  in  seizing  prey.  There  are  a  number  of  genera  in  which  the 
pharynx  is  armed  with  from  one  to  three  prominent  teeth  of  prob- 
lematical function.  In  some  of  these  cases  the  teeth  are  the  outlets 
of  an  equal  number  of  glands  located  in  the  wall  of  the  esophagus. 
The  secretions  of  these  glands  are  probably  salivary  in  nature,  or 
possibly  in  some  cases  venomous,  or  even,  as  has  been  suggested, 
excretory.  These  suppositions  rest  on  structural  and  food-habit 
considerations,  rather  than  on  an  examination  of  the  nature  of 
the  secretions.  The  saliva  theory  is  strongly  supported  by  the 
nature  of  these  glands,  whether  their  form,  number,  position,  or 
structure  is  considered,  but  they  sometimes  empty  through  fang- 
like  projections  in  carnivorous  E5)ecies  that  one  would  think  could 
profit  by  the  use  of  venom  in  much  the  same  way  that  serpents  do. 

The  nematode  esopha^s  is  an  organ  of  which  every  cross-section 
is'  usually  substantially  circular,  though  the  diameter  may  vary 
much  in  the  various  parts.  The  central  canal  is  usually  trique- 
trous in  cross-section  (Fig.  766).  The  lining  is  uniformly  cuticular 
and  varies  considerably  in  thickness  in  the  various  species.  In  the 
simple  cylindrical  form  of  esophagus,  radial  muscles,  the  contraction 
of  wluch  accomplishes  the  act  of  swallowing,  everywhere  pass  from 
the  lining  of  the  organ  to  the  exterior  cylindroid  wall.  The  action  of 
these  muscles  is  peristaltic,  first  creating  the  necessary  suction,  and, 
after  the  food  is  sucked  in,  rapidly  forcing  it  along  toward  the  iates- 
tine.     The  act  of  swallowing  b  often  lightning-like  in  its  rapidity. 

In  addition  to  this  general  radial  musculature  the  esophagus  some- 
times presents  spherical  or  ellipsoidal  muscular  swellings,  or  bulbs, 
often  supplied  with  a  central  cuticular  valve,  for  exerting  more  pow- 
erful suction  than  could  be  produced  by  the  narrower  tubular  part. 
The  presence  of  bulbs  denotes  certain  methods  of  feeding,  —  either 
the  lips  need  to  be  fastened  securely  to  the  source  of  food  in  order 
to  facilitate  the  stabbing  action  of  the  oral  spear,  or  it  is  necessary 
to  exert  imusual  suction  in  order  to  ingest  the  food.  There  may  be 
one,  two,  or  three  of  these  bulbs,  or  none.  The  corresponding  forms 
of  the  esopha^s  are  shown  in  the  accompanying  illustration 
(Fig.  770),  to  which  the  appropriate  names  are  appended.  In  rare 
cases  the  esoph^us  is  not  clearly  marked  off  from  the  intestine, 
but  there  nearly  always  exists  between  these  two  parts  of  the  ali- 
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mentary  canal  a  distinct  constriction,  known  as  the  cardiac  con- 
striction. In  the  immediate  vicinity  of  this  constriction  small 
organs  are  sometimes  found,  apparently  of  a  glandular  nature, 
though  their  functions  are  still  veiled  in  obscurity.  Here  also  occur 
definite  nerve  cells  which  are  probably  to  be  regarded  as  the  center 
of  an  involuntary  nervous  system. 


Fio.  -nc 


DtHylainHiiJ      Oiyuiaid  Rhsbdittiid  TylcDcfauid  AfibekilcbolJ 
ol  the  cBophogui.    (AIUi  Cobb.) 


The  intestme  is  a  tubidar  canal  extending  fi;om  the  esophagus  to 
near  the  anus.  Usually  rather  uniform  in  diameter,  it  is  occasion- 
ally somewhat  expanded  just  behind  the  es(^hagus  to  form  a 
rudimentary  stomach,  if  one  may  judge  from  the  histology  of  this 
part  of  the  organ.  The  cells  at  this  part  of  the  intestine  are  often 
markedly  different  in  structure  and  chemical  reaction  from  those 
farther  back.  In  almost  any  species  a  sufficiently  careful  examina- 
tion wiU  show  that  some  of  the  anterior  cells  of  the  intestinal  tube 
differ  from  those  farther  back,  and  hence  it  appears  certain  that  the 
anterior  part  of  the  intestine  serves  a  digestive  function,  while  the 
remaining  part  serves  as  an  intestine  proper.  There  are  also  well 
differentiated  cells  in  the  wall  of  the  posterior  part  of  the  intestine, 
indicating  here  also  a  subdivision  of  functions. 

The  intestine  ends  in  a  short  tubular  conoid  region  leading  to 
the  anus,  and  known  as  the  rectum.  This  part  is  more  or  less 
muscular  and  serves  to  extrude  the  feces.  In  Dorylaimus  and  its 
congeners,  just  prereding  the  rectum  there  is  a  short  very  distinct 
part  of  the  alimentary  canal  known  as  the  pre-rectum.  In  spite  of 
the  definiteness  of  its  structure  its  funcrion  is  unknown.  Emptying 
near  the  anus  there  are  usually  to  be  found  a  number  of  small  unicel- 
lular glands,  called  anal  glands,  perhaps  serving  as  accessories  in  defe- 
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cation.  The  anal  muscles  are  muscular  strands  passing  from  the 
transverse  slit-like  anus  to  the  body  walls  near  the  lateral  fields. 

There  is  no  vascular  circulatory  system.  These  organisms  are  so 
small  that  the  colorless  "blood"  is  aerated  without  the  need  of  special 
vesseb.  The  movements  of  the  body  serve  to  propel  the  body-fluid 
irregularly  about  through  the  body  cavity  and  among  the  organs. 

The  main  locomotive  movements  of  nematodes  are  due  to  the 
alternate  action  of  two  antagonistic  sets  of  muscle,  dorsal  and 
ventral,  extending  nearly  the  full  length  of  the  body,  and  acting  on 
the  lateral  thickening  of  the  cuticula  as  a  fulcrum.  The  move- 
ments are  serpentine,  but  in  a  dorso-ventral  plane.  As  the  result- 
ing body-curves  are  usually  wider  than  the  space  between  the 
cover  ^ass  and  the  microscope  shde,  it  follows  that  the  micro- 
scopical view  of  these  nematodes  is  usually  a  lateral  view. 

Locomotion  is  accomplished  by  the  aid  of  friction  on  surrounding 
solid  objects,  such  as  the  stems  or  roots  of  plants,  grains  of  sand 
or  other  particles..  Comparatively  few  of  the  aquatic  spades  can 
swim,  and  even  these  seem  uneasy  and  frightened  when  they  find 
themselves  floating  free  in  the  water.  Most  of  the  aquatic  species 
are  supplied  with  three  unicellular  caudal  glands  and  a  terminal 
spiimeret,  whose  main,  and  probably  sole,  function  is  to  cement 
the  tail  temporarily  to  various  objects.  From  this  attachment 
as  a  base  the  nematode  moves  its  head  in  various  directions  in 
search  of  food,  or  of  its  mates.  Some  ^)ecies,  for  instance  some 
species  of  Ckromadora,  attach  themselves  alternately  first  by  the 
head  by  suction,  and  then  by  the  spinneret,  executing  movements 
like  those  of  the  common  caterpillars  known  as  "inch-worms." 

The  excretory  organ  of  the  free-living  nematodes  consists  of  a  uni- 
cellular* gland,  the  renette,  lying  in  the  body  cavity,  not  far  from  the 
junction  of  the  intestine  and  esophagus.  It  empties  through  a  duct 
leading  forward  to  a  ventral  excretory  pore,  usually  located  some- 
where between  the  lip  region  and  the  intestine.  There  are  a  number 
of  genera  in  which  the  renette  has  not  yet  been  seen.  Its  homologue 
in  the  large  para^tic  species  is  renal  in  nature, —  at  least  in  one  case. 

Through  the  study  of  the  free-living  species  the  supposed  excre- 
tory function  of  the  lateral  fields,  long  beUeved  in,  has  been  dis- 
*  Rarely  two  to  msny-cdled  sod  double. 
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proved.  The  apparent  connection  in  the  parasitic  s[>edes  between 
the  excretory  organ  and  the  lateral  fields  is  inddental,  the  action 
of  the  body  muscles  tending  to  locate  such  long  slender  tubular 
organs  in  the  region  of  least  motion,  namely  the  lateral  region. 
In  these  parasitic  species  the  organ  is  often  bifurcated  a  little  be- 
hind the  excretory  pore  (apparently  on  accoimt  of  the  increased 
size  of  the  whole  organism),  and  thence  backward  the  tubular 
elements  are  attached  to  or  lie  in  or  near  the  lateral  fields.  This 
suggests  that  the  mystery  surrounding  the  excretory  organ  in 
some  of  the  free-living  species  may  perhaps  be  solved  by  search 
directed  toward  the  discovery  of  a  bilaterally  symmetrical  renette. 
Dorylaimus,  a  genus  containing  some  of  the  largest  free-living 
nematodes,  is  a  case  in  point.  The  renette  cell  often  has  smaller 
companion  cells  in  its  immediate  rear. 

The  caudal  glands,  so  common  in  the  tail  end  of  the  free-living 
nematodes,  serve  to  cement  the  tail  end  to  any  convenient  object. 
In  thus  attaching  themselves  nematodes  sometimes  show  great  skill 
and  pertinacity.  The  terminus  of  the  tail  bears  a  minute  spinneret 
through  which  the  secretion  of  the  glands  is  forced  out,  and  by  means 
of  which  its  flow  may  be  regulated,  much  as  in  the  case  of  spiders. 
The  secretion  is  a  cementing  substance  insoluble  in  water.  The 
caudal  glands  are  normally  three  in  number  and  are  usually  located 
^gle  file  in  the  anterior  part  of  the  tail,  or  somewhat  farther  forward 
in  front  of  the  anus.  Two  of  the  ducts  often  unite  to  form  one  duct ; 
sometimes  all  three  unite.  Just  in  front  of  the  pore  in  the  ^in- 
neret  the  ducts  may  enlarge  to  fonn  one  or  more  ampullae.  Caudal 
^ands  are  absent  in  most  of  those  species  in  which  the  males  are 
supplied  with  lateral  caudal  flaps  constituting  the  bursa.  It  is 
possible  that  the  secretion  of  the  bursal  ribs,  or  tubes,  is  of  the 
same  general  character  as  that  of  the  three  caudal  glands,  and  that 
these  two  sets  of  glands  are  homologous.  The  ribs  of  the  bursa, 
when  the  full  complement  is  present,  consist  of  three  groups.  This 
is  at  least  suggestive.  The  females  of  such  species  sometimes  have 
lateral  pores  on  or  near  the  tail. 

The  sexual  organs  originate  from  a  few  cells  set  off  for  the  pur- 
pose early  in  the  development,  which  for  a  time  remain  rather 
quiescent  near  the  center  of  the  body.    As  the  nematode  ap- 
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proaches  maturity  these  sexual  cells  resume  their  activity  and 
begin  to  divide  and  to  produce  a  symmetrically  two-parted  elon- 
gated group  of  cells,  one  part  extending  forward  and  the  other 
backward.  Primarily  the  sexual  organs  of  both  sexes  are  double, 
and  the  normal  development  at  first  always  forecasts  a  double 
organ.  This  forecast  is  often  fulfilled,  but  in  many  spedes  one  of 
the  halves  has  deteriorated  or  become  vestigial.  Where  this  is 
the  case  the  symmetry  of  the  early  development  is  soon  lost  and 
the  group  of  developing  sexual  cells  then  becomes  one-sided. 

At  the  last  moult,  or  the  penultimate,  the  sexual  opening  in  the 
cuticula  makes  its  appearance.  This  is  always  on  the  ventral  side, 
and  in  the  male  invariably  corresponds  with  the  anus;  in  the  female 
it  is  independent  and  nearer  the  middle  of  the  body,  usually  very 
near  the  middle  when  the  internal  organs  are  double  and  symmet- 
rica], and  farther  back,  or  more  rarely  farther  forward,  when  there 
is  only  one  ovary. 

The  female  sexual  system  is  very  commonly  double,  each  half  of  it 
beingtubularaudconsistingof(i)  an  ovary,  (2)  a  seminal  receptacle, 
(3)  a  uterus,  (4)  a  vagina;  this  latter  of  course  in  common  with  the 
other  half  of  the  apparatus.  These  parts  may  lie  m  Unear  succession 
in  the  body  cavity,  or,  as  is  more  often  the  case,  the  series  may  be 
folded  near  its  middle,  that  is,  between  the  ovary  and  the  uterus, 
so  that  the  ovary  is  reflexed  and  extends  back  toward  the  vulva. 

The  more  usual  forms  of  female  apparatus  are  as  follows; 

I.  Of  two  parts,  each  reflexed. 

a.  Of  two  parts,  each  outstretched. 

3.  Single  and  reflexed. 

4.  Single  and  outstretched. 

When  the  organ  is  single  it  may  extend  either  forward  or  back- 
ward from  the  vulva,  though  it  usually  extends  forward.  Letting 
F  represent  the  vulva,  -  an  outstretched  organ,  and  '  a  reflexed 
organ,  the  various  forms  may  be  abbreviated  as  follows: 

'P  -F-  T  F'  -F  F- 

and  this  is  the  form  in  which  the  facts  are  presented  in  the  measure- 
ment formulae  for  the  females,  except  that  F  is  replaced  by  the  per- 
centage measurement  figure  representing  the  position  of  the  vulva. 
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As  the  male  organ  may  be  either  double  or  ^gle,  outstretched 
or  reflexed,  the  corresponding  abbreviations  for  the  usual  forms  of 
male  apparatus  are  as  follows: 

-M  =M  *M  -M  -M- 

and  this  is  the  form  in  which  the  facts  are  presented  in  the  formulae 
for  males.  As  the  testes  always  Ue  in  front  of  the  sexual  opening, 
the  datum  point  of  the  reference  signs  in  this  case  is  the  point 
where  the  testes  join  the  vas  deferens,  not  the  sexual  opening,  as 
in  the  females.  The  percentage  figure  representing  the  extent 
of  the  male  sexual  organs  dates  from  the  anus.  Species  with  re- 
flexed  testes  are  comparatively  rare  among  fresh-water  nematodes, 
the  commonest  forms  being  -M-  and  -M. 

The  blind,  free,  or  distal  end  of  the  female  sexual  tube  is  usually 
foimd  to  contain  only  cells  of  extremely  small  size,  observable  with 
difiEiculty.  In  consequence  little  is  known  about  the  primordial 
sexual  products  in  these  free-living  species.  The  interior  of  the 
main  part  of  this  segment  of  the  tube,  the  ovary,  is  filled  with  devel- 
oping oocytes,  which  generally  soon  arrange  themselves  in  single  file. 
The  oocytes  increase  rapidly  in  size,  so  that  they  are  ripe  by  the  time 
they  reach  the  entrance  to  the  uterus.  At  this  point  they  imdergo 
synapsis,  meet  the  spermatozoa,  and  are  fertilized,  and  then  receive 
their  shells,  cuticular  coverings  acquired  in  the  uterus.  The  sper- 
matozoa usually  collect  together  at  the  end  of  the  uterus,  which,  in 
some  instances,  has  a  special  form  adapted  to  their  reception,  and 
in  all  cases  must  be  at  least  physiologically  adapted  to  attract  and 
retain  them.  Some  species  have  special  receptacles  for  the  sper- 
matozoa in  the  shape  of  large  tubular  branches  of  the  uterus,  — 
genuine  spermathecae. 

The  entrance  to  the  uterus  from  the  ovary  is  narrow,  and  this 
slender  part  of  the  sexual  tube  is  armed  with  deh'cate  annular 
muscles  adapted  to  moving  the  ova  on  into  the  uterus.  The 
uterus  varies  much  in  size.  Frequently  in  the  small  species  a 
single  egg  completely  fills  it;  in  the  larger  fresh-water  species  each 
uterus  may  become  large  enough  to  carry  a  score  or  more  of  eggs. 
In  the  larger  parasitic  species  this  capacity  is  enormously  greater, 
so  that  the  number  of  eggs  in  the  uterus  may  reach  tens  of  thou- 
sands, or  even  hundreds  of  thousands. 
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The  vagina  is  usually  short  and  more  or  less  muscular,  e^jedally 
near  the  vulva,  where  its  wall  is  usually  thicker.  At  the  thickest 
part  it  suddenly  diminishes  in  massiveness,  and  in  the  case  of  the 
double-ovaried  species  forks  to  form  two  short  tubular  branches 
which  join  the  uteri.  The  walls  of  these  two  short  tubes,  as  well 
as  those  of  the  part  nearer  the  vulva,  are  supplied  with  encircling 
muscle  fibers  which  by  their  peristaltic  action  force  the  egg  onward 
and  outward  in  the  process  of  deposition.  The  vulva  is  a  trans- 
verse slit-like  opening  whose  length  varies  up  to  about  one-half  the 
width  of  the  body.  Muscular  fibers  radiate  from  its  cuticular 
margin  to  the  ventral  submedian  parts  of  the  body  wall,  and  serve 
by  their  contraction  to  open  the  orifice. 

The  subspherical  to  elongate  eggs  are  covered  with  cuticular 
^ells  of  varying  thickness,  usually  smooth,  but  sometimes  bearing 
projections.  In  the  greater  number  of  fresh-water  species  the  eggs 
are  dqwsited  before  segmentation  begins,  but  in  some  genera  fully 
developed  embryos  are  formed  in  the  eggs  before  deposition.  A 
few  species  are  viviparous.  The  period  of  gestation  varies  widely. 
In  some  cases  the  formation  of  the  embryo  occurs  within  the 
space  of  a  few  hours  to  a  day  or  two,  in  other  cases  weeks  are 
necessary. 

The  structure  of  the  testes  resembles  that  of  the  ovaries,  but 
the  resulting  sexual  cells,  the  spermatozoa,  are  smaller.  The  pri- 
mordial germ  cells  at  the  blind  end  of  the  testis  multiply  to  form 
the  grandmother-cells  of  the  spermatozoa,  which  grow  to  a  con- 
siderable size,  so  that  it  is  usually  easy  to  locate  the  part  of  the 
testis  where  they  are  maturing,  —  generally  the  middle  or  proximal 
part.  These  grandmother-ceUs,  or  spermatocytes,  have  the  nxim- 
ber  of  chromosomes  characteristic  of  the  males  of  the  species,  and 
they  proceed  to  the  formation  of  the  spermatozoa  by  a  process  of 
sudden  double  division  of  the  chromosomes  such  that  each  sper- 
matocyte gives  rise  in  most  of  the  known  cases  to  four  spermatozoa, 
two  with  half  the  number  of  chromosomes  characteristic  of  the 
females  and  two  with  one  less  chromosome  than  this.  All  these 
spermatozoa  are  supposed  to  be  potent,  but  there  is  a  dearth  of 
experimental  evidence. 

The  oocytes  follow  a  similar  course  but  only  one  of  the  last 
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four  female  cells  is  potential,  the  other  three  being  the  so-called 
polar  bodies  which  are  left  at  the  periphery  of  the  eg^  to  disinte- 
grate and  disappear.  The  polar  bodies  are  to  be  looked  for  in 
eggs  that  have  just  entered  the  uterus,  and  can  be  observed  to 
advantage  only  in  stained  specimens,  though  they  may  sometimes 
be  seen  in  the  living  material.  The  fundamental  facts  connected 
with  fertilization  and  inheritance  in  animals  were  first  worked  out 
largely  through  the  instrumentality  of  the  e^s  of  various  species 
of  nematodes.    In  this  respect  they  are  classical  objects. 


iJ 


Fto.  771.   Formi  ol  irncuU.     i.  Bmd.  UpeTinc  Uunt.      1.  ElongUe.    j.  slender.     4.  Si 
S'  EloDgated.  tftperlDC'    G-  Eloo^tcd.  ^rcuAte.    7,  ELongited,  beat.    A.   Fiuifofm.  atigbtly  — ^.^-,. 
9-  Arcuntc.  Unnily  dvbikUted.     le.  Skkle-lonn.    ii.  HuuU.    ii.  L^baped.     (AlLec  Cobb.) 

The  male  intromittent  organs,  the  spicula,  are  usually  two  in 
number,  and  in  neariy  all  tree-living  species  the  two  are  identical 
in  fonn  and  size.  Each  q>iculiun  is  usually  a  straight,  curved,  or 
bent,  elongated  framework  of  cuticula,  commonly  one  to  two  times 
as  long  as  the  anal  body  diameter.  Exceptionally  it  may  be  very 
long  and  slehder.  The  main  portion  of  its  shaft  is  usually  of  uni- 
form size,  while  the  free  or  distal  end  commonly  terminates  in  a 
somewhat  bhmt  point,  which,  however,  may  be  variously  modified. 
The  anterior  or  proximal  end  is  often  swollen  or  cephalated,  for  the 
attachment  of  muscles. 

The  muscle  for  protruding  the  spiculum  more  or  less  insheaths 
it,  and  is  attached  to  the  proximal  end  of  the  spiculum  and  to  the 
body  wall,  or  to  an  accessory  piece,  near  the  anus,  so  that  its  con- 
traction moves  the  spiculum  toward  the  anus  and  thus  protrudes 
it.  The  retractor  muscle  is  attached  to  the  proximal  end  of  the 
spiculimi  and  thence  usually  passes  forward  and  toward  the  dorsal 
side  of  the  body,  where  it  is  attached  to  the  body  wall;  its  con- 
traction thus  tends  to  pull  the  spiculum  back  into  the  body.  It  is 
usually  rather  easy  to  observe  these  retractor  muscles  of  the  spicula, 
but  difficult  to  observe  the  protruding  muscles. 

In  prder  that  these  muscles  may  act  to  better  advantage  the 
spicula  often  slide  in  grooved  pieces  of  cuticula  named  the  acces- 
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sory  pieces.  These  acrassory  pieces  are  usuaEy  from  one-fourth  to 
two-thirds  as  long  as  the  spicula  themselves,  and  not  uncommonly 
possess  an  inward  or  backward  extending  apophysis  whose  function 
is  to  anchor  them  firmly  in  position,  or  serve  for  the  attachment 
of  special  muscles.  Long-necked  unicellular  glands  are  often 
seen  to  empty  into  the  cloaca  near  the  distal  ends  of  the  spicula. 
These  probably  serve  a  special  purpose  at  mating  time.  The 
form  of  the  spicula  and  of  their  accessory  pieces  is  useful  in 
distinguishing  the  various  species,  and  as  these  organs  are  usually 
viewed  in  profile  the  various  terms  used  to  describe  them  are 
imderstood  to  apply  to  this  aspect.  The  various  forms  and  terms 
are  shown  in  the  accompanying  illustrations,  Fig.  771. 

Among  the  male  accessory  organs  the  bursa  is,  in  a  number  of 
genera,  the  most  important,  though  there  is  no  trace  of  it  in  the 
greater  number  of  the  fresh-water  genera.  The  bursa  is  a  thin,  trans- 
parent flap-like  expansion  of  the  lateral  cuticula  of  the  tail  end  of  the 
male,  and  serves  as  a  copulatory  clasping  organ.  It  may  con^t  of 
two  distinct  halves,  one  on  each  side  of  the  tail,  and  each  ending  short 
of  the  extremity,  or  the  two  parts  may  extend  to  the  extremity 
and  coalesce  to  form  a  continuous  flap  encompassing  the  tail. 
The  bursa  springs  from  the  submedian  or  lateral  regions,  though  it 
is  usually  on  the  ventral  side  of  the  lateral  lines  and,  furthermore, 
is  bent  toward  the  ventral  side.  Typically  the  Saps  spring  from 
the  body  somewhat  in  front  of  the  anus,  grow  wider  as  they  pass 
backward,  and  reach  their  maximum  development  about  oppo^te 
the  anus;  thence  onward  they  usually  diminish,  —  though  in  some 
cases  not  very  much.  In  its  maximum  development  the  bursa  may 
possess  flaps  as  wide  as  the  body  itself;  from  this  maximiun  it 
varies  to  rudiments  that  may  easDy  be  overlooked  (pp.  484,  493). 

The  bursa  functions  as  a  male  clasping  organ  through  the  pres- 
ence of  muscular  fibers  adapted  to  close  it  ventrally,  and  through 
the  presence  of  so-called  ribs  which  appear  to  be  in  the  main,  if  not 
altogether,  tubular  outlets  for  a  cement-like  secretion  used  to 
fasten  the  male  more  or  less  permanently  to  the  female  at  madng 
time.  No  chemical  examinations  have  been  made  of  the  cement 
substances  of  the  bursa  and  the  caudal  glands,  but  both  are  insol- 
uble in  water  and  seem  otherwise  similar.    Some  genera  in  which 
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no  bursa  is  developed,  nevertheless  have  papillae,  as  they  have  been 
called,  located  according  to  the  same  general  law  as  the  ribs  of  the 
bursa,     (piplogaster,  Cephalobus.) 

One  striking  fact  will  be  forced  on  the  attention  of  the  collector  of 
nematodes  early  in  his  work,  and  that  is  the  comparative  rarity  of 
the  males.  In  many  of  the  spedes  the  males  have  never  been  seen, 
and  in  most  spedes  the  females  are  from  five  to  twenty  times  as 
common  as  their  mates.  There  is  reason  to  think  that  in  some 
spedes  the  males  are  very  short-lived,  and  that  this  is  the  reason 
they  are  so  rarely  seen.  The  males  are  often  so  much  smaller  than 
the  females  that  they  are  easily  overlooked,  or  mistaken  for  young, 
so  that  in  such  cases  the  rarity  of  the  males  may  easUy  be  over- 
estimated. In  a  few  species  the  males  appear  to  be  more  common 
than  the  females,  at  least  at  times.  Hermaphroditism  and  par- 
thenogenesis are  frequent.     (See  p.  495.) 

As  the  ova  approach  the  narrow  duct  leading  to  the  uterus  they 
rapidly  acquire  yolk  of  a  distinctly  granular  character.  In  the  case 
of  the  numerous  spedes  having  reflexed  ovaries,  the  oviduct  is 
located  near  the  flexure,  and  is  so  small  and  short  that  it  is  usually 
impossible  to  see  it  except  when  the  organs  are  immature.  Passing 
through  the  oviduct,  the  ovum  enters  the  uterus,  where  for  a  short 
distance  the  cells  of  the  uterine  wall  are  imusually  well  developed, 
apparently  to  furnish  the  material  for  the  shells  of  the  e^s.  Here 
too  the  eggs  are  fertilized.  The  proximal  hmit  of  the  sheli-gland 
is  often  very  definite.  The  rest  of  the  uterus  is  thin-walled  and 
connects  with  the  vagina  through  a  narrow  muscular  duct,  mainly 
responsible  for  forcing  the  eggs  into  the  outer  world.  The  eggs 
at  the  time  of  deposition  are  usually  soft  and  pliant,  so  that  they 
eaaly  pass  through  the  vulva,  even  when  relatively  large. 

The  fresh-water  nematodes  are  typical  of  the  entire  group  of 
free-living  nematodes  in  that  while  most  of  them  are  oviparous, 
some  are  ovi-viviparous  and  others  viviparous.  The  eggs  in  most  of 
-  the  known  fresh-water  spedes  are  smooth  shelled.  In  the  segmen- 
tation the  first  division  is  a  slightly  unequal  one,  one  blastomere  giv- 
ing rise  to  the  somatic  tissues,  the  other  to  the  sexual  organs. 

There  are  various  organs  that  have  been  observed  in  the  free- 
living  nematodes  whose  functions  are  problematical,  such  as  (i)  the 
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double  organ  in  the  females  only  of  some  species  of  Oncht^mus, 
located  in  the  posterior  part  of  the  body  and  connecting  with  the 
exterior  through  openings  in  the  subdorsal  region;  (2)  the  gland- 
like pair  of  organs  seen  in  the  females  of  Diplogaster,  and  apparently 
also  of  Rhahditis  and  other  related  genera;  and  (3)  the  long-necked 
paired  glands  sometimes  emptying  into  the  male  cloaca.  It  is 
conceivable  that  some  of  these  serve  a  sexual  function,  such  as 
the  secretion  of  a  substance  whose  odor  or  taste  is  of  service  in 
enabling  the  nematodes  to  locate  their  mates. 


^_  ..»«.»_...>  »<  iiDtAy  pcnmugcs  of  ilit  iFogth,  snd  the  lonnula,  u  prilled  la  the  key.  nuy 

be  roEErdcd  &B  •oiiKwh4t  Ld  the  Future  «  ft  cDaveatioOAliied  iketch  of  the  aenutode  with  dinwaiioiu 

The  BteuuKiKnti  ue  Uken  with  Ibe  ■ninul  viewed  ia  proUe;  the  Gnt  a  Ukea  at  (he  baw  at  the 
phuvDi.  the  KCOBd  It  the  iterve-rlD(.  the  third  it  the  cudiic  coiutiictioa  (luie  oi  the  "neck"),  the 
fauth  Bt  the  vuivi  in  [emales  ud  mt  the  middle  (if  J  in  males,  the  filth  u  the  uul.    (Aftii  Cobb.) 

It  seems  reasonably  clear  that  fresh-water  nematodes  have 
marked  seasonal  development,  at  least  in  some  species.  Adults 
of  many  species  can  be  found  at  all  times  of  the  year.  Freezing 
does  not  necessarily  kill  them.  Although  the  fresh-water  nema- 
todes are  so  widespread,  and  so  abundant  at  all  seasons,  it  is  not 
always  easy  to  isolate  them  for  examination  without  the  use  of 
special  methods.  Few  of  these  nematodes  exceed  two  to  three  milli- 
meters in  length,  and  they  are  so  slender  and  transparent  as  to  make 
it  practically  impossible  to  examine  them  without  the  aid  of  a  lens. 

However,  when  special  methods  are  employed  they  may  easily 
he  collected.  A  few  centigrams  of  mud  or  sand  from  a  place  where 
nematodes  are  believed  to  exist  is  disseminated  in  a  watch  glass  of  ■ 
water,  and  the  sediment  examined  carefully  for  the  characteristic 
wavy  non-pr(^essive  motion  exhibited  by  these  little  organisms. 
When  discovered,  the  specimens  are  captured  with  a  fine-pointed 
pipette  or  medicine  dropper  and  ejected  with  a  minimum  of  other 
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material  into  a  second  watch  glass,  from  whicli  they  are  removed  on 
a  very  fine-pointed  needle  and  placed  in  a  drop  of  clear  water  on  a 
microscope  slide.  These  operations  are  best  performed  on  the  stage  of 
a  dissectingmiaoscope,  under  a  lens  magnifying  five  to  ten  diameters. 
To  collect  specimens  in  large  numbers  it  is  best  to  make  use  of 
more  elaborate  methods.  A  coarse  sieve  with  meshes  two  to  three 
milUraeters  across  is  used  to  remove  objects  larger  than  nema- 
todes.   To  gather  the  nematodes,  the  material  that  comes  through 

dTiDp  tbc  knsth  of 

Jid  oi  iht  dr 

r  the  lefl-hind  cuff. 

the  knuckle  of  the  lillle  Guer,  is  tb« 
obUqiK  nnvcring.  The  ardiac  coo- 
■triction  Ucs  thii  side  of  the  cod  of  the 
forefinger,  and  the  vulva  on  Ibe 
fartbci  tide.  Mention  ^uld  be  nude 
of  Ibe  presence  o<  the  eiroc  tcsultinc 

Ene  with  I,  itnight  meaniR.  The 
mizn  should  be  to  nduce  this  etiot  so 
Diuch  [hst  It  cu  isfely  be  neglected. 
One  neuu  of  nducing  this  emu  miy 

the  "Mep"  of  the  divider  tigs  in  trn- 

to  he   messured.      Another   method 

Buy  il»  be  menlioned.  but  it  is  to  he 

used  with  aution,  and  only  as  the 

reudt  oi  cipcnence-    Qy  a  number  of 

careful  trials  it  will  be  found  that  a 

measurement  nearer  the  truth  can  he  obtained  by  followiiwa  path  somewhat  on  the  out 

of  the  median  line  oo  the  diawiov  or  image  being  measured,  Imt  care  must  be  exerciwd 

method  not  to  ovenhoot  ttw  mark-    Where  the  curve  is  sharp  it  is  ol  course  safer  to  ko 

the  outside  of  llie  curve.    I  consider  il  to  he  sufficiently  accurate  after  a  little  ^^'ice 

actualiy  drmwing  in  a  median  line  on  which  to  measure.     It  is  euy  to  keep  sulhciently 

iwing  iwtnimects,  has  a  small  milled  whs 

""^gi^ 

this  coarse  sieve  is  passed  through  sieves  of  finer  and  finer  mesh 
until  the  limit  of  fineness  is  reached.  About  the  finest  mesh  ob- 
tainable is  that  of  the  finest  miller's  bolting  silk  (0.25  to  0.5  mm.), 
widch,  when  stretched  over  appropriate  rings  made  of  bottomless 
dishes  will  allow  fine  mud  to  pass  through  while  it  will  retain  all 
but  the  smallest  nematodes.  By  successive  siftings  practically  all 
the  nematodes  can  be  secured. 

The  sifting  can  be  supplemented  by  gravity  methods.  Aquatic 
nematodes  are  lighter  than  sand  and  heavier  than  water.  If  the 
water  containing  the  nematodes  be  violently  agitated  and  then  be 
allowed  to  rest  for  a  few  seconds  the  sand  will  have  subsided  to  the 
bottom,  and  the  nematodes  may  be  decanted  off  if  the  pouring  be 
managed  expeditiously.    Then,  if  the  nematode-containing  water 
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be  allowed  to  rest  for  from  two  to  four  minutes  in  a  vessel  two  to 
three  inches  deep  the  nematodes  will  have  largely  settled  to  the 
bottom  and  the  supernatant  muddy  water  may  be  carefully  de- 
canted away.  The  residue  will  contain  an  abundance  of  nema- 
todes that  may  be  captured  as  described  above. 

Fredi-water  nematodes  are  so  active  that  it  is  practically  impos- 
sible to  examine  them  without  first  anesthetizing  or  killing  them. 
They  may  be  rendered  unconscious  by  the  use  of  a  ^nall  amount 
of  chloroform  dissolved  in  water.  Ether,  chloral  hydrate,  tobacco 
smoke  and  other  anesthetics  and  narcotics  are  also  used  in  this 
way.  Specimens  treated  thus  are  wonderfully  transparent,  and 
display  to  a  maximum  advantage  certain  features  of  the  anatomy. 

Permanent  preparations  may  be  made  by  killing  and  fixing  with 
Flemming's  solution  or  Bouin's  solution,  washing,  and  then  chang- 
ing to  water  containing  5  per  cent  glycerine  and  very  slowly  evap- 
orating in  a  closed,  preferably  warm,  space  such  that  the  solution 
becomes  fully  concentrated  in  the  course  of  a  few  days.  The 
cuticula  of  some  nematodes  is  so  thin  and  flexible,  and  at  the 
same  time  so  impervious,  that  this  evaporation  process  sometimes 
has  to  be  prolonged  to  several  weeks  to  prevent  crumpling,  but 
many  kinds  can  be  successfully  treated  in  two  to  three  days.  If 
the  specimens  have  been  blackened  by  the  Flemming's  solution, 
they  may  be  satisfactorily  bleached  in  a  few  hours  or  days  by 
adding  a  few  drops  of  dioxide  of  hydrogen  solution  to  the  glycerine 
in  which  they  lie  after  evaporation.  They  are  removed  to  pure 
glycerine  one  by  one  as  they  become  bleached,  and  then  are 
mounted  in  glycerine  jelly.  Specimens  treated  in  this  way  make 
excellent  material  for  examination,  but  may  deteriorate  in  the 
course  of  years.  Again,  the  specimens  may  be  killed  by  suddenly 
heating  in  water  on  a  glass  slide  until  they  become  motionless, 
and  can  then  be  examined  at  once,  or  evaporated  as  above  de- 
scribed in  5  per  cent  glycerine. 

The  residue  from  the  subsidence  and  sifting  methods,  already 
described,  may  be  added  suddenly  to  an  equal  volume  of  boiling- 
hot  concentrated  solution  of  corrosive  sublimate  and  allowed  to  cool. 
When  the  specimens  have  remained  in  ibis  solution  for  twenty- 
four  hours  or  more  they  may  be  picked  out  one  by  one  on  the  point 
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of  bamboo  splinters  and  differentiated  into  alcohol,  and  thence 
successively  in,to  acid  carmine  in  70  per  cent  alcohol,  70  per  cent 
alcohol  with  i  to  2  per  cent  hydrochloric  add,  absolute  alcohol,  oil 
of  cloves  and  Canada  balsam.  The  specimens  thus  treated  are 
more  permanent  than  those  resulting  from  the  glycerine  treatment 
described  above  and  are  the  only 

satisfactory  ones  for  many  cyto-  L  ^.J.^.^^' 

logical    studies.      These    various 
treatments  may  affect  the  relative 

proportions  of  the  Orzanism  dif-  Pi(i.7T4-  SkdttoncanenhKididnwingitKdto 
,       *^    ,  .    „  ,  ,        ,  computelhenraiilodelorauU.    (AflerCobb.l 

ferently,  especially  those    of    the     The  htad  nd  Iks  to  the  irii,  tha  pva  uw 

-^  *^  ■"  loUming  foiiiiub. 

neck.      It   is  therefore  best  when  ,.,  8,6   14,8    16    gi 

noting  measurements  of  specimens  '■*  *'    '•*  "^  *■' 

for  descriptive  purposes  to  indicate  how  the  specimens  were  treated. 
The  student  cannot  expect  to  examine  the  finer  details  of  the 
anatomy  or  indeed  to  make  satisfactory  progress  without  the  patient 
use  of  a  good  oil  immersion  objective  under  favorable  conditions. 

The  formula  is  made  to  convey  much  additional  information,  by 
mterspersing  suggestive  signs.    Thus  the  successive  signs  in  the  ad- 

,     ij     ri_^ji .■)£"__«•.  ,,_jacent  formulae  indicate  lips,' papillae 

on  the  lips,'  a  pharynx  of  uniform 
1=  !^--ii-^-Q'""Tr-TG:.'- —diameter  without  armature  of  any 
n>t«  kind,'  no  amphids,*  a  renette  whose 

wiHitnj^  c.^n-iui  hmir-uM  excretory  pore  is  located  a  little  behind 
»;«  |S2.r*~  I  znzzm  *^^  nerve-ring,*  about  600  transverse 
mt  S""^  ".":"."."     striae  resolvable  into  rows  of  dots,' 

I  .m,         I  :    jio  wings  to  the  cuticula,^  a  median 

esophageal  bulb  two-thirds  as  wide  as  the  middle  of  the  neck,*  a 
cardiac  bulb  three-fourths  as  wide  as  the  base  of  the  neck,'  two 
symmetrically  reffexed  ovaries,  occupying  71  per  cent  of  the  length 
of  the  body,"  no  caudal  glands  or  spinneret,"  a  single  outstretched 
testis  occupying  63  per  cent  of  the  length  of  the  body,"  a  bursa 
beginning  in  front  of  the  anus  and  including  the  entire  tail,"  4 
bursal  ribs  or  supplementary  organs  on  either  side  in  front  of  the 
anus,  and  5  ribs  on  either  side  behind  the  anus." 

'  CtHiventianalized  contour  of  the  front  of  the  bead.    *  Conventionalized  coniour 
of  the  lips.    ■  Conventionalized  outline  of  the  pbaiyni.    *  Absence  of  mark  indicat- 
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KEY  TO  NORTH  AMERICAN  FRESH-WATER  NEMATODA 
I  (64)    Intestine  normal  and  functional  throughout;  anus  present  in  both 
sexes. ' a 

The  fonni  which  aie  included  here  ue  t^cal  nemitodes.  They  pcaataa  tn  alimentuy 
oiuU  irtiich  it  complete  tatd  functioDKl  dunng  the  entire  li(e  of  toe  individual.  They  are 
free  Uving  in  the  adult  ai  well  aa  in  the  larval  stage  at  emtence.  Wilh  the  Itee-living  loima 
are  Mmetimes  found  [mimIUc  foRiu  10  ■imQar  in  stnicture  that  a  knowledse  of  their  aounx  is 
needed  to  determine  whether  the  apedca  ia  poiaiitic  or  not.  No  note  is  taken  of  the  para^tic 
fomil  and  the  following  statementa  ap(>ly  only  to  the  true  free-living  nematodes. 

Tbey  are  all  relatively  small  in  size  and  so  traDspaicnl  that  the  id temal  structure  can  be  made 
out  dearly  in  the  living  animal.  In  these  reapecis  a*  well  as  in  detail  af  intemal  structure  they 
stand  in  distinct  contrast  to  the  other  f[TDup  included  under  the  alternative  heading  ia  tM 
key.    Families  wluch  include  only  parasitic  ipedes  ore  not  menticmed  in  this  key. 

3  (13)    Oral  end  armed  with  roptm^Ie  speu  or  sting 3 

3  (8)     Speai  with  bulbous  base 4 

4(5)    Cuticula  with  70  to  100  coaise,  Tetroise annules.     ....    lotaCohb. 

Gcous  consisting  of  a  condderable  number  of  species,  found  in  swamps  and  in  acid 
soils.  These  nematodes  are  covered  with  retrone  soles,  or  bristles,  so  that  it  is  wactically  im- 
possible for  them  to  move  in  ajiy  other  direction  than  f orwanl.  Near  the  head  Uie  remarubly 
large  and  powerful  spear  can  be  seen  through  the  skin.  When,  in  order  to  make  punctures,  this 
spear  ia  tnruiC  out,  the  nematode  is  not  pushed  backwazxl.  because  of  the  friction  whitji  its 
scalra  offer  to  surrounding  soil  particles.  But  often  the  maies  ol  7Ma  lose  the  spear  at  the  last 
moult  and  become  relatively  longer  and  more  slender  and  smoother,  and  then  they  look  very 

Rq>re9entative  spedes lola  oclangulare  Cobb  igi4. 

r      u ti .__n -4t"_ «  ,  ^      Male  unknown.    Habitat:  Dismal  Swamps  Va. 


FiO.  TTS.    Jt"  Klantnlart. 

a.  mouth  ofiening;  h,  lip  tecisn;  c,  ipeu  muida:  i,  ihait  ol  spar:  1.  baia  of  spear;  /.  culicnlai  tuba 

ol  csqphqgus;  g,  nerve-nna;  jjr,  poauriar  portion  of  rvipfaaipis;  I,  flexure  in  ovuy;  jL  bodr  muades; 

t, cuticula;  I,  o«ol  tbeelflil  loniitudiiial  imnol  modified cuticuli;   ■•.ovum;  ■. muscus o4  body  wsUi 

d,  lubUteral  nudiAcatSon  of  the  culicula;  p.  utenu;  4,  lubdorul  naodiBcatioo  of  the  cutioila;  r,  TDba; 

5  (4)    Cuticula  with  300  or  more  finer  or  almost  invisible  annules 6 

lug  anqJiids.  '  Oblique  line,  conventionalized  dtanring  of  the  outlet  of  the  exactoiy 
duct,  placed  just  behind  the  measurements  relating  to  the  nerve-ring.  '  Character 
of  the  line  running  through  the  formula,  (see  adjacent  table),  and  dots  placed  on  elthef 
side  of  the  line.  '  Absence  of  short  horizontal  lines  above  and  below  main  line,  stich 
marks  being  used  when  wings  are  present.  '  Horizontal  stroke  under  two-thirds  of 
the  nerve-ring  width  measurement.  '  A  corresponding  stroke  under  three-fourtha  of 
the  width  measurement  for  the  base  ol  the  neck.  '<■  Single  quotation  marks  around  the 
measurement  indicating  the  position  of  the  vulva,  and  71  used  as  an  exponent.  "  Ab- 
sence of  spinneret  tnark,  —  an  angular  sign  used  to  indicate  spinneret.  "  Dash  in 
front  of  the  M  and  63  used  as  an  exponent.  "  Curved  marking  under  the  transverse 
anal  measurement,  extending  to  the  end  of  the  formula  line  of  the  male.  "  4  and  5 
used  as  sub-figures  before  and  after  the  anal  diametral  measurement  with  ditto  mariu 
to  indicate  that  the  ribs  occur  on  both  sides. 
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>  with  a  distinct  median  bulb,  and  a  nwre  or  less  distinct 
posterior  swelling.    Males  with  bursa.    .  Tylenchus  Bas^an. 

Genus  conuiting  o(  numerDus  species,  muiy  of  them  pansitiG 
in  plants  aod  sonutimes  hj^hly  iujunaus.  Aquuk  apecica  ore  ntber 
unconuDoo.  A  smgle  qiedei  fouod  parastic  in  a  maiiiie  tlgt. 
PrindpaHy  owing  to  its  ecooomic  importance  the  genua  bos  a  very 
eiteosve  literatuce. 

Representative  spedes.  .  Tyknchus  dipsaci  ElUm  1857. 
f_  ij .  -Jv^ 'j  ■  ■■'Iv  'I.-  n^  This  Epedes  is  found 
panuitk  in  onion  and  hya- 
/  .»  t.  a.  .-",.«.  .  1.  _.  dnth  buibs,  and  In  a  nulli- 
ty *  ijP  Ij  .».  -vU  "~bero(  other  plants,  and  is 
very  baimfuL  The  wear,  i,  i,  Rg.  n,  it  shot  forth  by  the  miude*, 
/.  and  is  used  to  puncture  the  cells  of  the  host  plant.  The  spear  is 
tubular,  and  the  juice*  of  the  host  ore  sucked  through  the  tpear  into 
the  intestine  by  means  of  the  bulb,  c.  Often  leferred  to  in  literature 
as  TjieniAiii  decaslalris. 

UaUtat:  Europe,  America,  Australia,  and  probably  throughout 
the  temperate  regions. 

Flo.  n6.    TyUmclmi  difsati.  KDhn. 

I,  a  femak;  n.  hod  of  the  lune  nun  highly  micnifiBd:  IH,  tut  of 

■  male;    IV,  view  from  bdow.  of  the  fenule  louil  opening:    V,  cro^^ 
ledkin  of  the  neck  paning  thnwib  the  median  nckinf-bulbi  VI,  froQI  vt 
oflhepHH«aodllieiiKceir™~~-"-  v" "-■' '■•' '■■-"- 

■  female,  ihowiag  bow  the 


It  njovinx  li_  _,_. „  ,_ 

r  Bland;  (,  htnd  end  of  ipcar,  tbiw-buLbed: 

.    .. ulum;  I,  muscles  for  openiBg  the  vulva; 

1.  idandular  Pi  bodies;  d,  buna;  f,  hiDd  end  ol  oniy; 
«,  uienu  canuiiUiif  HieniutoBM  and  one  segmentiDC  e(g:  r.  wgnxnting 
eui  1.  vi^De;(,tbe  vulva  or  Icfuleiexiul  openinff;  ii.nuideBd  of  potaior 
tudimencsry  ovary;  t,  intettlne,  ihowlnc  lis  cdlulat  tlcuclur*;  «,  croM- 
Hxtion  of  >n  egg:  i.  uui;  y,  iringi  of  tM  cuticula:  t,  riM  sect  inn  of  the 
inteuine.    (After  Cobb.) 

IS  with  only  one  swelling,  corresponding  to  the  median  bulb  of 
Tykackus.    Males  without  bursa.  .   .  Apfielenchus  Bastian. 


a  gpcdes.  the  majority  parasitic  in 
us.  Some  spedes  partbenoKenelic 
■  Thl*  genus  closely  resemUea  Tylaiclnu.  from  which  it  is  dJsUn- 
Kuished  by  the  absence  of  the  bursa  on  tbe  males,  and  by  the  less 
developed  posterior  portion  of  the  esophagus.  This  latter  is  so 
deteriorated  that  it  cannot  be  distinguished  from  the  inlealioe. 
The  oral  spear  also  is  usually  less  Btrangly  developed  than  in 
Tylaukui,  and  its  posterior  extremity  is  less  likely  to  [SEsent 
bulbous  swellings.  As  in  TyUiKkia,  at  here,  some  of  tbe  speciea 
are  known  to  revive  years  ^ter  having  been  dried  Up  and  con- 
verted into  "dust."  In  tbe  dirt  or  dust  adhering  to  seeds  and 
plants  they  are  often  transported  long  distances  Many  of  Ibe 
apedes,  therefore,  are  now  coamopoUtuu  Like  TyieHcJaa,  this  genua 
luis  an  extensive  literature. 

Rqiresentative   species. 

Aphdaicktu  mierohimia  Cobb  1S91. 


a,  tbelipa:  i.  the  spear;  c,  the  nerve-rtuK  d.  sucking J»tb;  e.eicretory 
pore;  /.  ventnl  ^udi  (.  blind  end  of  lertide;  k.  bHotine;  ).  culkula  « 
■kin;  I,  spermuoioon;  k.  right  ipiculum  or  penis;  I,  piece  ■ccaaory  ce 
the  iplculai  SI,  ami;  n,  papiUa;  «,  terminus.    (After  CobbJ 
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8(3)    Spear  without  a  bulbous  base.        9 

9  (10)     Esophagus  with  a  median  bulb;  males  with  bursa. 

Dolickodonu  Cdib. 
This  genua  U  distinguished  from  TyUnchus  by  the  pecidiar  lobed  buna  uritbout  ribs,  by  the 

relatively  lonp  and  slender  oral  spear  and  peculiar  lip  resioa.  and  by  the  pnsence  of  ■  double 

saaai  oisan  m  the  lemale.    There  are  few  Tyleathi  the  females  of  which  possess  two  ovaries. 
Representative  spedes.     .    .    .  Dolickodorus  heterocephaius  Cobb  1914. 

|(_   '  .   '.'  1   .  'I  .  '.'  .   .-"J".  T".  t   ™.      "^^  transverse  striae  are  resolvable  with  high 

(        1      iiji      n.    ij         11       <i  powers    under    favorable    conditions   into    rows  of 

exceedingly  minute,   somewEut  IrrefEulai  elements. 

J_   ;  .   ("Jl    .•.."..    r".-.?!  J.  i4»  Theflaps  of  the  bursa  are  striatedin  much  the  same 
-*  -  —  manner  as  the  cuticula.  and  the  margins  of  the 

flaps  are  distinctly  thickened.  The  spw- 
matozoB  are  small  and  numerous  and  it  ap- 
pears that  the  reduction  divisions  take  place 
In  a  short  segment  of  the  testis  not  Eaf  from 
tbe  blind  end.  The  organs  obscurely  ^gured 
in  conneclian  with  the  head  appeal  to  be  tlie 
outlets  of  glands  located  in  the  neck. 

The  "cardiac  swelling"  h  appears  to  have 
the  same  structure  as  in  some  niedes  of  Ty- 
lenchiu,  in  which  it  is  known  to  be  caused  fiy 
the  presence  of  glands  exterior  to  the  esoph- 
•  agus.  and  theteiDre  not  properly  to  be  re- 

garded as  a  cardiac  swdhng  of  the  oidinaiy 
kind.  In  the  Tylenchi  mentioned,  these 
glands  empty  through  a  minute  duct  which 
enters  the  esophagus,  passes  through  the 
median  bulb  on  the  dorsal  side  of  its  valvular 
apparatus,  and,  continuing,  empties  into  the 
pharynx  at  the  base  of  the  spear.  These  so- 
called  salivary  glands  are  de^gnaled  at  (  in 
I,  underrjfc«*uidifiod(Fig.  776).  Similar 
structures  may  occur  in  the  present  qwdes. 

Inequality  of  the  ovaries  is  characteristic 
of  a  vast  number  of  species  of  nematodes 
and  may  have  a  deep  moiphologica]  signifi- 
cance. It  is  nearly  always  the  posterior 
ovary  which  is  the  smaller.  Every  degree 
of  inequality  exists  even  to  the  extinction 
of  one  ovary.  The  smaller  branch  may  pro- 
duce smaller  and  what  appear  to  be  inferior 
eggs,  and  may  even  cease  to  function  as  a 
reproductive  organ  and  function  : 
minor  part  of  the  other  >■—'■>• 
instance,  either  as  an  ex 

Habitat:    Douglas  Lake,  Michigan;  Silrei 

Spring,  Florida. 

Fic.  ))S,    DttkManu  luUtactflialui. 


of  4urfaee  o( 
sagiiul  Kxtio 

.'H'lS 

n:  highly  enlarged 
IV.  docu-vcDtra 
of  he»l;    VI,  side 

III 
view 

fSg 

iSsi 

tremityof 
.cephJic 
:  J.  base 

;;!:i.:%'iirw".ii'vV.' 

male. 

BTstD  of  unkoown  siiaiG- 

of^ar:  ..  medianXlb 

iFriiisi?™: 

ryporc;  A,  a 

rdimc 

well 

B.  distal  'end  of  acrrasoty  piece;    r,  left  Hap  ol 
V?aniis.°' !"!?*[  Cobb.) 

10(9)    Es(^hagus  with  only  aa  elongated  posterior  swelUogi  no  bursa.   .  11 
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II  (13)     Pharynx  simple,  male  supplementaiy  organs  not  in  fascicles. 

_ Dorylaimus  Dujaidin. 

GcDus  conslsdng,  no  doubt,  of  hundred* 
of  qjcdes.  and  in^Utlng  soil,  fnsh  water. 
Mid,  to  a  limited  eiteat,  brmcUsh  water. 
They  feed  so  far  u  known  on  vegetable 
matter,  moat  commoniy,  it  11  bdieved,  on 
the  roots  of  plants  which  they  pierce  by 
means  of  the  hollow  oral  ipear. 
Representative  species. 

Darj^aimus  featndtts  Cobb  1914. 

(-'•i s h ^ %'  .— 

l-<  i 3 'I:. *-^r    •— 

Habitat:  Algae,  Potooiac  River,  Waih- 
inCtoD,  D.  C. 

Fio.  r;}.    DerylaimmifiaHiiui. 
At  the  riibt,  btad  ud  un  of  >  fcmak;  at  the  left, 

tan  end  c^  a  male. 

a,  ipei  of  ipeai,   ihoiriDg  ablique  opeDinc: 

Ii,  papoUa  of  the  interinr  circlet ;    c.  mpilU  oi 

the  paaterior  circlet;    d,  ^idins-rin^  for   Che 

/,    prfr-icctum;    r.  nctum;    A,  atms;    i,  aau 
miacks;  j,  caiidil   papilU^  k.   outer  cuCicula; 

litoty  miuda;  *,  one  of  the  veatnl  leriei  of 
male  nipptementaiy  orfcam;  q,  eiacolatory  diictj  r,  pair  of  pn^na]  papillae;  i,  retractor  musdea  ol  the 
(piculi;  I,  muioUularEr;    k,  right  spiculum;  •,  vxaaary  piece.    (AilctCobb.) 

13  (11)     Pharynx  with  complicated  radiate  framework,  male  supplementary 

organs  in  fascicles. Aclinolaimus  Cobb. 

Genus  represented  in  all  patts  o(  th   world,  and  proposed  for 
species  similar  to   Ditrylaimiii  laiyriiMiisliimui,  in  wUch  ths 
""  pharyni  is  more  or  less  immobile,  radially  striated  Hid  elabo- 

rate^ constnicted. 

Representative  species. 

Acluudaimui  radiatus  Cobb  1913. 

^     '      '^      ^        ^        '^  "*    The  oophacus  begins 

ft  t  I?-  'I-  -"-  '*'  , ,  _^  as  a  tube  about  ooe- 
'•      '        "         r-7=Tr  tbittlaiwideastheajr- 

rtSTonding  portion  of  the  nect.  It  continues  to  have  this  width 
for  some  disCaoce,  Considerably  in  froot  of  the  middle  of  the 
I  neck  it  expands  rather  suddenly.    The  cells  of  the  brownish  intes- 

tine  contain  granulea  of  variable  size,  arranged  so  as  to  give  rise 
to  a  rather  obscure  tessellation.    The  Uil  of  the  tcmale  is  concave- 

I  oonoid  to  tbe  hairSne  terminus.    The  tail  of  the  male  is  hemi- 

spherical-conoid.    Immediately  in  front  of  the  anus  are  two  ven- 

I  lial  papillae  placed  side  by  side.     In  addition  to  these  there  are 

ventral  papillae  arranged  in  three  raised  and  conspicuous  groups 
or  fascicles.  These  three  groups  form  a  series  whose  length  is 
about  equal  to  the  distance  from  the  posterior  group  to  the  end 

J  of   the  tail.      The   two  equal,    slightly   arcuate,   rather  acute 

j  spiculi  are  about  twice  as  long  as  the  anal  body  di 


ed  papillae,  at 
er  of  oth 


least  as  many  as  sli:.  and  probably  quite  a  number  of  others. 

Habitat ;  Roots  of  plants  and  among  al^ae,  Potomac  River  and 
its  banks,  Arlington  Farm  near  Washington,  D.C.;  Douglas 
'  Lake,  Mich. 

Pio.  rSo.    AtHiwIaliimi  radlatui. 
lb,  lip  regioa:  pfr.  innervated  puallae;  pk,  phaiyni;  «t,  oDchua  or 
•pear;  er.  mouth  opcninc.    (Alter  Cobb.) 

13  (2)    Oral  end  without  protnisile  spear  or  sting 14 

14(37)     Pharyni  armed  with  oae  or  more  refractive,  cuticular  teeth.  .    .     15 
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15  (16}    Number  of  teeth  three,  equal,  small,  mobile,  well  forward  near  the 
mouth.     .     Ironus  Bastiao. 

Genus  with  about  six  luiavn 
spcdcs,  confined  to  [rah  water, 
thoutli  there  is  a  very  umilir 
genua,  ThaUanroina  de  Man,  lor 
the  recmtion  ol  ^milar  marioe 
form*.  Some  roedes  heniuij)hro- 
dhic.  Salivary  gUads  in  esoiriiasus. 

Representative  spedes. 

Ironus  amerwmut 
Cobb  19 14. 

FnuD  the  uze  of  the  app&rently 
matured  ova  it  is  assumed  that  the 
cgRB  are  considerably  elongated- 
It  a  unlikely  that  more  than  one  ia 
contained  in  the  uterus  at  1  time. 

Habitat:  Deer  Bottom,  Hka 
Peak  ret^n,  Colorado. 

Fig.  lii.    /rMU  amtrictma. 


idSri,,'! 


caA,  "  loelh  "  wiilidnwa 
A  lomwd  in  prepuatioD 

tor  Ibe  Bal  moull;    IV.  tafleulitf 

a,  one  of  the  thiee  pfaaivngeal 
teeth,  shown  extruded^  b,  papilla;  c. 
cer^ulicieta;  if.  amobid:  f,  [uvfyoi; 
/,  looihlet:  I,  tooihlct:  *,  aoplufUB; 
I.  ILnioR  «  Qophutua;  i,  aave-nn«; 
li,  intutine;  I,  u<u;  ■>.  caudal  (iud; 
•h  termiQui.     (Alter  Cobb.) 

16(15)    Number  of  teeth  one;  or  more  than  one,  and  unequal 17 

17  (aa)    Teeth,  at  lease  one  of  them,  usually  massive;  thick,  more  or  less 

Iiapillate  lips  closing  over  the  capacious  phaiyiuc,  ...     18 

joth  dorsal  (sometimes  all  nearly  obsolete) ;  lips  thick,  armed 

with  papillae;  no  setae Mononckus  Bastian. 

Genus  oi  a  score  or  more  spedes,  some  in  fresh  water,  others 
in  soil,  where  they  hunt  and  devour  nematodes  and  other  small 
organisms.  The  movements,  npedally  those  of  the  head,  are  often 
very  active. .  The  males  are  very  rare.  The  name  Mononchus 
indicates  the  presence  of  a  single  pharyngeal  tooth,  but  sometimes 
tbere  are  one  or  tno  additional  teeth;  sometimes  all  are  absent. 
The  relatively  powerful  hps  can  be  everted,  and  are  utiliied  to 
grasp  the  prey  and  force  it  against  the  phaipmgeat  teeth.  In  some 
axaet  the  wall  of  the  pharynx  bears  series  ol  minute  raqy-like 
denliculations.    Some  spedes  are  hermaphroditic. 

Representative  species.     Mononckus  major  Cobb  1893. 

i"'  It h       Ti      Tl        \T~*  "^     This  elegajit  spedes  b 

I,       ,,       „         .11-        «  '   soil  inhabitatin^  ionn 

t'"  il 1) n — '  1 1   u-M) — '  "^sometimes  found  m  wet 

riaces.    No  American  spedes  are  figured  asyet.    The  adjacent  il- 
lustrations are  derived  from  Australian  spedmeos. 

I.  aide  view  of  irule;  II,  side  view  of  head  of  sane;  m,  boot  view  of 
bead;  IV.  side  view  of  tiil;  V.  delailiaf  male  papUIte. 
a  mouth;  (,  lip-piplUa:  c.  lip:  i,  csophigui:  (,  nove-rinc;  /,  phar- 
ynieal  tooth;  (,  inntrvated  papiUa  of  »lin;  *,  caophagui;  J,  hwe.t^ 
pSSii;  i.  cardiac  coUum:  *,  inlaline;  /.  fleiure  m  uatidei  -,  bhnd 
end^  ustide:  n.  vasdefcrens;  0,  lip:  t,  nxwtli  opening ;  «,  ejaculatocy 
dud;  r,  spioJa;  1,  ejacuUlory  duct;  I.  uiBUry  ma;  m.  pottjika! 
ncdUie  >.  spicuhi;  c.  eiculatory  duct;  x,  ventral  row  male  pa|alUe; 
yimna-  1,  UReanaltlaadi.    (Alter  Cobb  J 
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Main  tooth  submedian.    Lips  thin;  setae  present 10 

Males  without  bursa Onchdaimw  Dujardin. 

Genm  of  numerous  species,  neaily  all 
Qunne.  A  (ew  species  only  in  brackish 
and  Fresh  water.  CoHnopaUUD,  eitentl- 
ins  well  into  the  polsi  aeai.  Some  attain 
>  lengtfa  of  35  to  30  mm.  Tbe  iadividuab 
sometimes  occur  in  enormous  numbers. 

The  pharyngeal  teeth  v«y  in  number, 
foim,  and  sixe,  and  bSord  good  specific 
duUBCten.  The  segmenta  tS  tlie  esopha- 
Eus  frequently  contain  much-brancbed 
"lalivary"  glinda  emptying  through  the 
pharyngeal  teeth. 

The  female  sometimes  possesses  a  pecu- 
liar pair  of  relatively  large  oigani  tri  un- 
known signilicance  emptying  through 
pores  toward  the  tail  end- 

Representative  spedes. 
Oncholaimus  punctatus  Cobb  1914. 


E 

■1*1 


It  Is  rathti  difficult  to  ob*erve  the  finer 
details  of  the  cuticula  on  account  of  the 
presence  In  it  of  nmntraiu  daljike  eU- 
metUi,  which  ore  arranged  i»  hngiuidinal 
troupi,  of  which  tbe  widest  are  the  lateral 
groups.  The  longitudinal  arrangement  of 
tbe  granules  b  continuous  throughout  the 
bo^,  but  it  is  most  marked  c<i  the  lateral 
fieltui.    There  are  si  lipo. 

Habitat:     Fresh- water    ponds,    Cape 


Much  Uke  OnduMmv,  but  males  have  narrow 
buna.  Spicula  unequal,  or  equal.  Two  sptdes 
known;  the  type  0,  cakadeiictu  de  Man  is  marine. 
Representative  spedea. 

OnckotaimeUus  hetemnu  Cobb  1914. 

9=',i — n — Ti — 'Ti"  s'ui  "— 
There  ore  >ii  lips,  each  bearing  on  its  anterior  sur- 
face, near  the  margin  of  the  head,  a  somewhat  out- 
ward pototing,  minute.  Innervated  papilla.  The  cells 
Composiag  the  iotestine  contain  scattered  granule^ 
wfaicb  give  rise  to  a  very  obscure  tessellation,  and  also 
certain  doubly  refractive  granules.  The  posterior 
testis  is  the  smaller.  This  is  a  doubtful  OnckotaiTiui- 
tia,  since  there  are  no  pharyngeal  teeth,  and  the 
amphid  varies  from  that  of  the  type  spedes,  as  do 
the  spiculs,  which  in  the  type  spedes  are  unequal. 
Habitat:   Ficsh-watrr  pond  near  Ocala,  Fla. 

Fro.  1S4.    OMeWaAMOu  kihniat. 
I,  Me  view  of  bead:  n,  vcDlnl  view  of  beod^  1 


cudolmole:  ^,  ventnl  view  of  oui)  niioaoi 
udian  cephalic  leta;  t, 
ihogiui  /,  lift  vilculum; 


III!  d,  kit  flip  ol 


f.thuilipL    (Alter  CobW 
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33  (17)    Teeth  small,  oftea  only  one,  then  doisai;  Ups  with  inconsiMciious 

papiUae;  pharynx  of  moderate  size 33 

33  (36)    Esophagus  with  one  or  two  bulbs 14 

14  (as)    Bulbs  two,  spinneret  absent Diplogaster  M.  Schultze. 

Genus  with  more  than  a  score  of 
known  species,  moitly  found  in  fresh 
water  but  also  in  many  moisl  siluatioos 
in  soil  and  between  the  sheaths  of 
Krasses,  etc.  Some  qiedes  hermaphro- 
ditic. A  number  of  Che  species  appear  to 
be  at  least  facultative  parasites.  They 
are  often  found  in  dead  msccts  and  cater- 

ears,  whose  death  they  aiqiareutly 
'e  catised.  Other  qjedes  are  found 
in  decaying  mushrooms,  animal  excreta 
and  foul  pools.  Many  of  the  species  are 
easily  reared'  in  decayed  meat  and  va- 
rious other  culture  media.  Many  thrive 
best  in  the  prewDce  of  bacteria. 
Representative  spedes. 
Diplogaster  Jictor  Bastian  1865. 

S'H li % 'Ef "V. - 

Striae  resolvable  near  the  head  into 
rows  of  refractive  doU  arranged  in  km- 
gitudinal  as  welt  as  transverse  lines.  A 
short  distance  behind  the  head  the  lotigi- 
tudiual  rows  arrange  themselves  in  pairs. 
These  pairs  indicate  the  locus  of  about 
twenty-four  longitudinal  cuticular  litis 
or  wings,  which  extend  from  the  middle 
of  the  neck  to  near  the  anus.  On  the 
tail  these  ribs  again  resolve  themselves 
into  double  rows  of  dots.  The  thiii- 
shelled  eggs  appear  to  be  departed 
before  segmentation  begins,  somethins 
lather  unusual  in  tUs  genua. 

Habitat:  Spring.  Washington  Coun- 
try Qub,  Chevy  Chase,  Md. 

Fto.  ;S;,    DiNtttiltr  iaer. 

I,  tide  i-iew  of  fenuk;    II.  had  of  the 

dSS;"lIl!V»d^7bIe  .ul^lklS'^Jw, 
lipa  ncar^  wide  open;  IV,  bead  of  the  same, 
lateral  view,  lipi  partiilly  doaed;  V,  fRmt 
view  of  mouth,  partially  ckwd;  Vt.  lateral 
view,  poitenor  portion  ol  h  male  apedmeq; 
VII,  somewhat  dii«raiiuiutic  peraiective 
view  ibowing  markings  of  the  cuticuu. 

a,  on*  of  the  lipi;  i.  one  ol  the  lii  cephalic 
Ktac^  c,  amphid;  J,  one  of  the  two  roore  oc 
less  evettiWe  phafynml  liooli.ali»ped  teeth; 
e,  median  esophagul  bulb;  /,  Dcrve-rin^; 

k,  pceterior  esophageal  bulb:  /,  nerve  cdls; 

of  the  intestine;  fi'.  pre^anal  male  seta; 
f".P"',  P"",  post -anal  malewtae  and^Pa{H]- 


as  (24)     Bulb  one,  then  cardiac,  or  none;  spinneret  present. 
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26  (17)    Lateral  dots  much  accentuated SpUophora  Bastian. 

The  striae  ue  resolvafale  into  rows  of  doU 
which  are  much  aaxnCuated  on  the  lateral  fields. 

Genus    of    m  score    or    nuKe   known   speda, 
■qiutic,  moatly  loariae. 
Representative  species. 

SpUophora  canadensis  Cobb  1914. 

Lateral  wings  07  are  vei;  promiiient,  and  pos- 
terioriy  arc  somcvhat  acalanfonri.  The  fernoks 
have  symmetrkflUy  refleied  ovaries. 

Habitat:  Fresh-watet  ponds,  Cape  Breton  la- 
laud,  Dominion  of  Canada.. 

FlO.  7B6.  Spiiopkora  taitddtmsit. 
d,  mouth  DpeiuDg;  b.  dorsal  tooth;  c.  pbuynx;  d, 
base  o[  the  phaiyox;  e,  aophg^a'.  f.  nerve  ceOa;  f, 
nerve-ring;  k,  eicreloiy  pore;  i,  valvular  appanlu* 
<A  the  bulb;  j,  lonEituoiiul  •o"  of  cutioilu  outkion 
chuicteristic  of  the  genus;  k,  intattnc;  I,  mettc  ctQ; 
n,  nudeug  of  lenette  cell;   m,  cell   imuory  to  the 

slriatiDiis  of  (he  cuticuLi;  f ,  vaj  deferens;  r.  ipicuJiun;  j, 
■nui:  t,  caudil  gland;  ■,  spinDoet.    <Aflei  Cobb.} 

37(36)     Striae  composed  of  dots;  the  lateral  ones  little  if  any  accentuated.     aS 

38  (39)    Pharynx  witliout  esophageal  bulb Cyathohimtts  Bastian. 

Pharynx  is  citp  shaped  then  conind,  and 
longitudinBlly  ribbed. 

Genus  of  a  score  or  more  of  aauatic 
qiedes.  nearly  all  marine  but  louad  also 
in  bracliisb  and  fresh  waters,  Cyatho- 
laimi  are  found  ia  all  tropical  and  tem- 
perate seas,  and  the  individuals  are  nu- 
merous. In  most  habitats  both  sexes 
will  be  found.  Dialoma  are  Bometimea 
found  in  the  intestitie.  Though  not 
shown  in  the  apedes  here  figured,  the  re- 
Itette  seems  always  present,  and  is  often 
wdl  developed. 
Rq>resentative  spedes. 
Cyatiwhmus  tnmcatus  Cobb  1914. 


B»bit«t:  Sflver  Springs,  FU. 


IV,  venlnl  view  of  uul  maoa  of  male; 
V.latenlvievrof  tliesame;  VI,  lateral  view 
ia  tbe  middle  of  (he  body  tbowin^  cuticulaf 
nuutin^and  pores, 

a.  lubmedun  cephalic  lela;  b,  labial 
patalla;  c,  amphid;  tf,  donal  tooth;  f,  lat- 
eral cephalic  aetti  /,  one  of  (he  twelve  ribe 
of  the  vestibule;  (,  srnall  subrnedian  pharyn- 
geal tooth;  A,  base  of  (be  phaiyni;  f.  ejac- 
ulaloiy  duct:  j.  tntegtiDe;  1.  oik  of  the 
four  male  pre^nal  supplsnentaiy  organs; 
f.  one  of  the  ipiculai^  m,  anal  muKlis;^  »,  ooe 

ooe  of  the  alia  d  the  hilatiaei  v,  lumen  vl 
the  iiites(iDe;  r,  anus;  i,  blind  end  of  re- 
fieied  ovary;  I,  egg;  H,  vulv>;  i,  Seiun 
in  anteiior  ovary;  v,  junction  of  the  ovaiy 
and  uterus;  i.  pores  in  the  cuticula;  y,  ooe 
of  tbe  three  caudal  (landa;  i,  male  gbod  (7h 


(Alter  CobbJ 
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39(38)  Pharynx  less  cons[xciiously  ribbed;  cardiac  bulb  distinct.    ...     30 

30(35)  Dorsal  tooth  well  developed 31 

31  (34)  Pharynx  cyathifonn  then  conoid,  joimng  esophagus  indefinitely.    32 

32  (33)  Amphids  spiral,  inconspicuous  slits  or  none.  .   .  Ckromadora  Bastian. 

Genus,  aquatic,  moslly  nurine  but  abundaat  in  (reih  waten. 
Twenly  to  thirty  specie*  known.  Found  in  American  fresh  waten. 
no  species  yet  deicribed.  Species  higbly  developed,  mually  of  mull 
-—      Maoy  poaiess  eye-spots  near  Ibe  head.    The  males  usually 

"        ■-■--■ ■  ■      -  ■■  ■      -'ads  emptying  throu^ 

re  usually  anauged  in 

le  body  some  distance  in 

....         ,     -,        .  eveloped,  usually  difficult 

:  of  their  peculiar  form  and  posilion;  far  toward  front 

of  bead,  usually  seen  more  or  less  in  profile.  Cardiac  butb  relatively 
shorter  than  in  SpSopkara,  and  not  so  distioctly  subdivided.  Males 
UauaUy  have  weU-developed  series  of  ventral  supplementary  onans; 
such  organs  are  less  commoa  and  less  well  develapal  on  males  of  SfU«- 
fKora.  Lateral  elements  of  the  transverse  striae  sometimes  modified, 
init  rarely  reaching  degree  of  difieceatiatioa  shown  in  StSophora. 
Representative  species.  .  Ckrotitadora  minor  Cobb  1893. 

?    tr"    ")!iV-"U »•    ■'iV''     ~    H^tat:   Pacific   Ocean, 

r-      a      11      14         -It        m  California,  and  Australia. 

Fra.  tSS.    CkrHuuLirammar. 
I,  mikofCWiHiaraiitilur;  tl.  one  of  the  veolnl  accoBcy  onus  of  tba 
iune  ncDUlode^    111  ud  tV,  bead  and  iiul  rteoa  ol  the  iuk  Hnutode. 

a.  pharym;  b,  eye-apots;  c.  «opbaf;us;  d.k.  veatnl  f upplcmeatary  orgaa; 
*,nerve-nnsi/,  eicretoiypore;  «.  nland  d(  jupplenimtary  oipn;  i,  te^" 

"    ■  ly  10  the  rentltf  cell:  jl,  blinc 


^., bliDd  end 

si  toiide;   I,  cephilk  leU;   ■,  ribs  o(  phaiyngeal  o]wnlii*i   ■.   pwilli: 
hI  toothy  p.  phjirydiifpoaeol  thestriaftol  the  cuucula;  r,  subccpnaJK 


d.doiHl  tc 

oinin';  I;  ejacuiatory'duct;  b,  one  ol  Ibe  supplemealaiy  orians;  x,  amis; 

3  (31)    Amphids  spiral,  well  developed Ackromadora  Cobb. 

Genus  proposed  for  tbe  reception  of  Ckrem- 
adtra  minima  Cobb  and  umilai  soil  and  fnsh- 
water  species.  Distinguished  from  CJIrMMrfvfa 
by  the  presence  of  well-developed  spiral  am- 
phids. The  dorsal  tooth  is  farther  back  and 
IS  opposed  by  a  small  ventral  "pocket"  as 
shown  in  the  Hgure  of  Ackromadora  minima. 
Species  found,  probably,  in  all  parts  of  tbe 
world.  Known  from  Australia,  Fiji,  and 
various  parts  of  United  States  and  Europe. 

Representative  species. 

Achromadora  minima  (Cobb)  1914. 


Fio.  )S9.    AclinmadsTt  m 


a  Cenule;  U,  Utoal  view. 

the  Hbs  of  the  phaiynx;  d.  donal  pharyngeal 
tooth;  e,  aubvtmral  (?)  pharyngeal  loe«h:  /, 
phaiyoi;    f.  culicular  miikiiigs:    it.  anpbid;    i. 

poiE^ai.fleiunol  ovary;!,  one  of  die  caudal  glaadi; 
0,  bhodendof  posterior  ovary;  p,  anus;  4,  intestine; 
f,  vvlva;  I,  one  of  tbe  gtaaulei  ol  the  iatBtine;  t. 
egg.    (After  Cobb.) 
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34  (31)    Pharynx  cyatbifoim  then  prismoid,  ending  behind  very  definitely; 
amphids  dUtioct    .   Etimolaimus  de  Man. 

Genus  of  two  knowa  Bpedia.  one  European,  one 
American,  Closdy  celatnl  to  Chtomadtra,  from 
which  il  is  readily  distinguished  by  tbe  narrow  uniforra 
posterior  portion  of  ttie  pharvni.  which  is  usually 
surrounded  by  a  comparatively  distinci  phaiyngeal 
bulb. 

Representative  species. 

Ethmolaimus  americanus  Cobb  1914. 


-ivi- 


Labial  papillae,  apparently  ii.  Onchus  thumb- 
shaped,  (orwsid  pomting,  attached  lo  a  distinctly 
thickened  rib  of  cuticuia  which  extends  from  the  lip 
region  back  lo  the  base  of  the  phaiyni,  and  is  thicker 
anterioriy  than  posteriorly.  Fully  developed  ova  are 
nearly  twice  as  long  as  the  body  is  wide,  aodone-tbinl 
as  wide  as  long.    Form,  tdze.  and  number  of  eggs  un- 

Habitat :  Spring,  Washington  Countty  Club,  Chevy 
Chase,  Md. 

Fio.  790.    Eitmlaim 

teeth;  e,  one  trf  tin  l«ic  cephilii;  » .. .. 

pturyni;  /.  nerve-ring:  i.  eicretory  poT«;  k,  nerve  ccUi; 
I.  cardiac  tuilb:  }.  bcginalBg  of  the  InlaliBci  1.  mette 

of  two  pain  of  uniulliilar  oruu  of  unknoim  ligniScinee: 
■.  cutkuUl  a.  oneof  the  celliot  the  IntettiDe;  ^  lubcuticulil 
t  and  r.  boiv  cavity:  >.  vnlva;  I.  nucleus  ol  one  of  the 
mnsde  cdb;  a,  ipinnenl;  >,  oh  of  the  caudal  flandi; 

5  (30)    Dorsal  tooth  minute,  amphids  drcular.  .    .    .    Mkrolaimtis  de  Man, 

Amphids  well  developed. 
Genua  of  few  spedei  from  Eun^ 
and  North  America. 

Representative  species. 

Microlaimui  fiimatilis 
Cobb  1914. 

The  eggs  afqxar  to  be  deposited  be- 
fore segmentation  begins.  Spedmens 
with  one,  and  those  with  two,  ovaries, 
appear  to  be  about  equally  numerous; 
asnootherdiSetencehas  been  detected, 
they  are  included  for  the  present  under 
the  same  name  and  description. 

Habitat;  Maple  River.  Michigan. 
Fio.  Kt.    If icrofaiMu  fiuKalilii. 

I.  lateral  view  of  iemak;  11.  bead  of 
the  same. 

a,  mouth  opening;    i.  ok  of  the  iii 


3?ri 


pretijiiiniiry  pDrtKin 


palcrior  ovaiy;  i.  one  id  the 
glands:    (,  ipmnerei;    k,  eggi 

w,  mtfcula.    (After  Cobb.) 
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36  (33)     Esophagus  plain Cryptotickus  Cobb. 

t  Diffen  (lom  CylinJriilaimiu  de  Man  in  the  form  □(  the  unptuds, 

and  the  stiongly  developed  esophagus  with  its  various  regioas,  In 
(be  presence  ot  a  dorsal  tooth  at  the  bue  of  the  phtuyni  and  in 
theabsence  of  >eUe. 

4  Single  spedes.     .    .    .    Crypionckus  nudus  Cobb  1915. 


the  cardia  the  nature  of  the  esophagus  suddenly  c — „__,  — 
lining  becomiiiK  noUbly  ios  mossvc,  and  the  radial  structure 
becoQung  relatively  more  massive,  and  at  the  same  time  rhiuiging 
its  character,  so  that  there  is  a  rather  striking  contrast  between 
this  short  posterior  section  and  the  main  portion  of  the  csophagua. 
Wing  space  one-third  as  wide  as  the  body.  The  anterior  part  of 
the  intestine  for  a  distance  equal  to  tbe  body  radius  consists  of 
■mall  cells  packed  with  granules  and  possessing  larger  and  diSer- 
enlly  fomiRl  nuclei.  Eggs  four  times  as  long  as  the  body  is  wide, 
one-fourth  as  wide  as  lang,  and  comparatively   thick    shelled; 


Fio.  791.  Cryfliaclau  nmdns.  Ih,  1!p  nsioo;  ft.  labial  ixpillaei  am, 
amplud;  tk.  phaiynii  m,  oncbui  or  taoth;  «,  oaphiiiuj:  i»,  uiiiuierel. 
(Attn  CobbJ 


37  (14)    PharjTut  without  teeth. 38 

38  C49)    Esophagus  with  bulbs 39 

39  (43)     Amphids  circular  or  nearly  so;  pharynx  compound,  much  elongated.  40 
40(41}     Cuticular  external  marking  of  amphid  circular.    .    .     PlwJtu  Bastian. 

Genus  of  airaut  thirty  species  mostly  about  plants.    Some  aquatic,  none  marine.    Some 

q>eda,perhapsmost,parthenoKeDeticorbennaphroditJc.  Obscurclabialpapillaeusuallypresent. 

Representative  species Plectus  Ixtbifer  Cobb  1914. 


Fio.  793-  PUdiH  IMfer.  Ualc. 
a,  moutli;  b.  p(i[dlhl-llke  cephalic  letac:  c,  lateral  orgu;  <J,  phuyoii:  <,  poslerior  chamber  of  phuyni; 
/,  aofihacus;  t,  ncrve-rinii  *.  eieKIory  pore;  ■',  rencttc  ceU^  j.  glandular  (?)  ceD^  it,  cardiac  bulb; 
1.  cudia;  »,  iBtestiae)  b.  Mind  end  oI  anterior  loticlc;  a.  spermalocylF;  f.  Sciun  In  poaterior  tcMklei 
V,  bliad  end  of  posterior  teitide:  r,  junctioa  of  t«[KJ«;  r,  vu  delcreu;  ',  glandular  Q)  or^aa;  s, 
miudr  to  one  al  the  tbr«  suMilEraEntary  DrEam:  i,  anterior  lupplemeBtary  orgazi;  v.  spiculum;  i,  anus; 
i,  one  of  the  caudal  (lapillu:  1.  vinaeret.     (Alter  Cobb.J 
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41  (40)     Chitinous  marking  of  amphid  not  circular.  .   .    .    Ckronogaster  Cobb. 

Genua  closely  related  [o  PItclus,  diflering  in  much  elongated  cardra.  connecting  posterior 
esophsgs]  bulb  and  intestine.     Ovaty  single  in  Ckranetailtr.  double  in  PUclut. 

-  '  "'     wgasltrpacUisCoVb 


J.    Cin>iH(iiii 


',  oophifuB;    /.  pootervr  dum 
(.  problenutical  ocgini:  *.  Krve-i 
porej   /,  metu  cdl^    I,  vahml 
"■**»^  bulb;  IK.  cudu;  #.  intatine;  a.Qa 
amy:  p,  nudeut  of  ovum;  «,  blind  end  of 


qiiuwnt.    (After  Cobb.) 

43(39)     Amphids  apparently  absent;  pharynx  simple 43 

43(44)     Esophagus  with  two  bulbs;  males  with  bursa. 

RhabdUis  Dujardin. 

Genu5  oi  aumerous  spedes,  some  parasitic,  espedally  in  insects. 
Several  marine  apecies  and  a  mimbcT  in  fresh  water.  Common  in 
decaying  mklter.  Reproduction  wonderfully  varied,  ranging  trom 
parthenogeDesia.  through  betmaphroditism  of  varying  degree  to  com- 
plete hi-seiuality.  Many  species  microbivorous.  In  some  spedes 
there  is  a  marka]  alternation  of  generations. 

Bursa  better  developed  in  ^Kcies  of  RlabdiHi  than  in  any  other 
freah-water  nematodes.  Other  genera  presenting  this  feature  are 
Tyttnchai.  IMUhedenis,  and  Oncht^imdius.  Bur^  (Fig.  Ill) 
coniiits  of  two  thin  lateral  eitcnsions  of  culicula  containing  rays  or 
ribs,  olteo  tubular,  constituting  outlets  of  cement  glands,  always 
well  supplied  with  nerve  endings,  Fonn  of  bursa  and  arrangement 
of  its  rays  form  good  generii;  and  speci&c  characters. 

Representative  spedes.    Rhabditis  cylindrica  Cobb  1898. 

HabiUt:  Wet  seals. 

<-    J> »_.^_» ^V- 1'_    ,    _ 

F    it         IJ'        U  )'        IJil'    ■* 

Fio.  T)6.    lUuMUli  cyliHdrica  Cobb. 
I.  tld*  view  oi  fmulei  II.  tide  view  o(  attachst  male;  m,  ventral  view 

n;  fr,  lip;  c.  base  of  pharynx;  d,  H^hl  spiculum; 

.jh,  ii  ■^^n'^'Ji^,  i.eicrerory  pore; /.cardiac 
the  burit:  m,  qtx  conluning 
ouuiju.  1*.  JIC4UIC  in  uvuy;  o,  Lipa;  p.  phaiyiu;  q,  Kgmentioc  eggi 
r,  median  bulb;  1.  vulva;  (.  intminilled  spicula;  ■.  rjaculmtory  duct:  i, 
tfitide;  v,  blind  end  of  totide;  x,  blind  end  ol  tcBcied  ovaiy;  y,  InicMlne; 
Kvaa.    (AftarCobb.) 


•:t:i. 
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well-developed   bulb;     males   without 
45 


45  (46)    Pharynx  long  and  narrow Rhabdolaimus  de  Man. 

Geous  oi  foui-knoini  spedes,  three  EurcqiekD,  one  American. 

RepTesentative  spedes Rhabdolaimus  minor  Cobb  1914. 

«..;! i, 'a T I:'--- ■ 


'tSS 


head.      Cucful    focusaing   appean    to   indicBti 

nracDce  00  the  outer  margin  of  the  bend 

invisible  pii^-Ukc  otgaiis   wluch  nu 

the  KEseKntAtiva  of  cephalic  setae. 

Ups.    The  tbio-ibelled.   smooth  eggs 

large  and  elongated  and  have  beta  seen  in  tt 

one  at  *  time.     Tbey  are  about  (our  to  five 

long  ai  the  body  is  wide  and  abojt  onc-Gftb  as  wide  ai 

kng.    Hey  appear  to  be  deposited  before  acgmenta- 

tkin  begins.    The  eggs  an  so  large  in  pmportion  to  the 

riie  of  the  ovaries  that  they  push  the  ovaries  GrU  to 

one  aide  and  then  Uie  other  as  they  develop,  lo  that 

both  ovaries  may  occasionally  appear  to  be  either  in 

front  of  or  behind  the  vulva.      The  specimen 

was  so  twisted  that  the   head   presents   the   

ventral  view,  and  the  tiny  amphids  (o)  therelc, 
appear  in  proGle.  The  figure  shows  well  the  typical 
distribution  of  nerve  cells,  lai^  numbers  in  fmnt  of 
and  t>ehind  the  nerve-ring,  a  smaller  collection  in  the 
cardial  region,  and  other  collections  in  the  anal  region. 
The  long,  slender  qunneret  is  characteristic  of  the 

The  figure  illustrates  the  ^entral  (eatum  of  tbe  cen- 
tral nervous  ^tem,  which  m  nematodes  consists  of  a 
ring  of  nerve  fibers  endrcling  the  Mophagus.^and  hav- 
ing connected  with  it  a  number  of  mote  or  less  spherical 
nerve  cells,  shown  daric  in  tbe  Ggure.  Under  favorable 
drcumstanccs  each  one  of  these  cells  can  be  seen  to  be 
omnected  with  others,  and  directly,  or  indirectly,  with 
tlie  ring  of  fibers.  The  whole,  therefore,  constitutes  a 
rather  complicated,  coordinated  sj^tem  of  nerve  cells. 
In  many  qiecies  the  ceils,  such  as  those  ^own  at  c  and 
k,  an  arranged  in  longitudinal  groups,  and  even  where 
the  groupa  are  not  apparent,  as  here,  the  connections 
among  the  cells  are  imdoubtedly  systematic  and  cor- 
respond with  the  longitudinal  grouping  that  is  evident 
hi  other  genera.  From  the  central  nervous  system 
-^  — d  forward  and  bacitward  nerves,  —  ventral,  do: 


saL  latoal,  and  to  a  lesser  ei 


lectcd 


r  the  tardia,  vuhra,  and 

ir  indications  of  the  nerves  are  found 
ually  cotreqwnding  in  position 


in  papillae  and  se 

with  the  main  bn  _      

Habitat:   Hud,  Beach   pool.  Pine  Point,  Dou^as 
Lalie,  Michigan. 


amphid.     The  heid  in 

ol  aervc  cells:  'd,  nerve-ring; 
the    LDtcsdoe;   f,    flcjrure    in   $ 


II,  head  at  the  Bine,  tbowfau 
■  tHiUed,  so  that  llie  amphid 
yta. 

■■    lih"rviiT-     (,    (lUOta    (iraip 

c   bulb:  /,  vail  of 


J,  blind  end  of  poterkir  oVAry;  m,  c^;  n,  flevure 
rotary;  ff.cuticula;  ^Hcaudiiiruiids:  0,subruticula: 


ll>  j?l;   I,  duct  o, 
(Alter  Cobb-J 
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46  (45)    Pharynx  not  long  and  naiiow. 47 

47  (48)    Striae  not  resolvable  into  rows  of  dots CephaJobus  Bastian. 

Genus  of  Duroeiou*  mccio.  freqiKnt  «bout  the  hightt  pUots.  doabtle^  often  at  leul "  lemi- 


OcononJy  ipecies  in  fioh  water.     C«aunon  in  deoviog 

I  kK  |i«Tthenogenetic,  otben  bennaphroditic.    Found  on  the  suhblc  ui  mama. 

CepkaMui  resembles  XJlaidttii,  but  nuy  readily  lie  diitinguijtied  by  the  form  of  tlie  pharynx 
and  the  nature  ol  the  male  caudal  annature.  The  pluryni  of  Ctpkakbui  is  almost  never 
cylindroid  or  prismoid  as  In  RJuidiHi,  On  the  contranr  it  tends  to  toper  more  or  less  regularly 
from  the  base  ol  the  lipa  backward.    Though  ample  In  form  the  pharynx  is  usually  compounded 

of  two  or  three  series  d  short  cuticula  dements  separated  from  each  other  by  Ir 

breaks.    In  a  consklerable  number  of  qiedcs  tbe  lips  are  m<idiQed  so  as  to  bear  moi 

complicated  forward  pointing  cuticula  appends^. 

Such  forms  are  intermediate  between  the  typical 

C^)halaU  and  other  geoeia,  such  as  Acrvbda  and 

Wiisimema.    Tbe  malea  of  the  Cephalobi  do  not 

possess  a  bursa,  at  most  showing  faint  indications  of 

such  a  structure.    Neverthelesa  the  papillae  ot  rib*     ' 

found  accompanying  the  bursa  in  RJuiailu  are  jmsent 

in  Ccpkaiabia,  tboujth  they  lometiniea  are  las  numcr- 

Not  infrequently  the  ovary  functions  in  the  Gist 
histance  as  a  testis.  Spermatocytes  appear  in  the 
young  ovary  even  before  an  eitemal  sanial  opening 
exists.  The  developing  spermatozoa  descend  the 
oviduct  and  enter  the  uterus.  Later  the  oocytes  de- 
velop and  are  fertilized  by  the  ^leraialoioa  previ- 
ously produced  in  the  same  organ,  —  at  least  this 
happens  in  some  instances,  and  hence  is  assumed  to 
happen  in  all.  So  far  no  differences  have  been  dis- 
covered betweeo  apennatozoa  produced  in  this  way 
by  these  syngonadic  females  and  those  produced  by 
the  rarely  occurring  males.  It  is  therefore  fair  to  as- 
sume that  tbe  sperm  cells  so  commonly  produced 
In  tills  way  are  potent.  As  in  Riabdilit  the  renetle 
often  taka  the  form  of  two  long  slender  lateral  ducts 
ending  blindly  near  tbe  anus.  Some  ^jedes  may  be 
revived  after  remaining  montlis  or  even  years  in  a  dry 
condition. 
Representative  spedes. 

Cephtdobtu  sub-elongaius  Cobb  1914. 

f-  li   li-li-  1;    V  ■•- 

The  thin,  tranqurent,  colorless  layers  of  the  naked 
tuticula  on  tm'ersed  t^  about  seven  hundred  plain, 
transverse  striae,  resolvable  with  high  power*  without 
veiy  much  (QfficuUy.  There  are  three  rather  distmct, 
Uuntly  conoid  Iim  which  are  roimded  In  ftuat;  each 
of  them  ap^rently  has  two  inconspicuous  irmcrvated 
papillae.  The  Intestine  Is  composed  of  ceils  of  such  a 
size  that  probably  only  about  two  are  required  to  build 
a  circumference.  The  nerve-ring  ■urrounds  tbe  esoph- 
agus obliquely,  and  is  accompanied  by  nerve  cells,  of 
which  tbe  grrater  number  are  behind  the  nerve-ring 
and  in  front  ol  tbe  cardiac  bulb. 

Habitat:  Mom  Bog,  W.  End  of  Douglas  Lake,  Mich. 


_  Fio.  79*.    Ciflu 
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48  (47)    Striae  resolvable  into  rows  of  dots,  altered  on  lateral  fields. 

Teralocephalus  de  Man. 

Intdcsting  geaui  of  few  spedta,  with  movilile  cuticulv  lips.  Spcdes  b«ve  (bus  (m  beat 
found  only  in  Icesh  w&Ier  and  wet  sails,  but  the  genus  appews  to  have  a  woiid-wide  distribution, 
Bt  least  in  temperate  regions.  TtratBCtpluJui  seems  related  to  Cep/uiahus  from  wbich.  how- 
ever, it  differs  strikingly  in  the  Formation  of  the  lips  and  pharynx.  It  is  difficult  to  determine 
the  iunctions  of  the  movable  cuticular  hbial  elements  (o).  The  most  reasonable  assumptioD 
appears  to  be  that  Ihey  are  biting  organs. 

N Representative  spedes Teratocepfuiius  comutus  Cobb  1914. 

i=-,i 'Mil r, "i,  ■  •  - 

The  cuticula  is  traversed  by  about  i5Cn  transvene 
striae,  resolvable  into  rows  of  minute  dots,  which  are 
modified  oo  Ibe  lateral  fields.  The  movements  of 
which  the  lips  are  capable  are  plainly  indicated  in 
Figs.  II  and  IV.  The  relatively  layge  eggs  are  ei- 
tremely  mobile,  so  that  they  pass  out  tbnnigh  the 
relatively  small  vulva  without  difficulty.      Contact 


r,  appears  (0  harden  the  shell 
n  the  (Kgs  have  a  more  d 


that  after  deposition  the  t^gt  have  a  more  definite 
and  rigid  lorm.  These  phenomena  are  characteristic 
of  the  eggs  of  many  genera.  e^x9:ially  those  in  which 
the  eggs  are  of  relatively  large  siie.  In  the  present 
species  the  eggs  are  deposited  before  segmentation 
b^ns.  The  general  form  of  the  fail,  and  ilS  termi- 
nus, would  seem  to  suggest  the  presence  of  caudal 
glands,  but  none  have  been  seen. 

D  strongly  developed  i     "' 


mcies  is  similar  to  that  found  in  R)iabdiUi,  PltclMi, 
Ctpkalcbus,  etc.  It  con^sts  of  three  movable  valves 
rolling  against  each  other,  that  can  be  pulled  back- 
ward by  appropriate  muscles.  The  arch  over  them 
meanwhile  remains  rigid^  thereby  a  vacuum  (suction) 
is  produced.  The  minute  striation  on  these  valves 
has  suggested  that  they  are  triturating  organs,  but 
the  food  habits  would  not  seem  to  necessitate  such 
on  assumption.  It  seems  more  likdy  that  the 
strialions  are  due  lo  sucb  a  disposal  of  the  cuticula 
as  will  give  to  the  organs  the  nec^sary  strength  and 
efficiency.  These  valves  act  raindly,  often  several 
limes  per  second. 

Habitat:   Maple  River,  Michigan. 

Flo.  799.    Ttralaatluiia  csnwfiu. 

I.  ktcril  view  ol  a  female;  II.  lateral  view  o(  bead, 
more  highly  nugniiied;  lil,  Irani  view  of  head;  IV, 
donc^ventral  view  ibawing  lip*  wide  apen;  V,  cuticula 
sl»wing  lalerml  field. 

a,  ODE  of  the  six  movable,  cuticulir  Udb;    h,  oekt  of 

riue;    t,  excretory    pore;    /,    organ  ol   uoknawn   sigiufi- 

turn;    A.  cuticula;    t.  one    of  Uic  cells  of   the  intatiix; 

p,  vulva:  Q,  blind  cod  o4  posterior  ovary:  ■».  terminus. 
(After  Cobb.) 

49  (38)     Esophagtis  without  bulbs 50 

50  (S7)    Pharynx  none. 51 

51  (56)     Caudal  glands  and  cephalic  setae  present 53 
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53  (55)    Amphids  spiral 53 


53  (54)     Male  supplementary  organs  papillate Bastiana  de  Man. 

Named  in  honor  of  the  English  aemalologist  Henry  Chariton  Bistiu,  18^7-1914. 

Geniu  of  slender  nematodea  i«i(b  rather  sinple  mouth  parts.  Males  with  a  ventral  row  of 
imalt  suK>lemeDtary  organs  extending  over  the  greater  part  of  the  length  of  the  body.  Half 
a  doKD  species  known.    Occurs  in  Europe,  America,  Japan,  and  Australia. 

Representative  species Bastiana  exilis  Cohh  igi^. 

C  »  4— ri-°-"i— -r"— .?.iT    "  — 

The  moderately  thick  layer)  of  the 
transparenl,  colorless,  oaked  cutjcula 
are  traversed  by  about  eight  hundred 
transvene  striae,  nliich  do  not  appear 
to  be  funhel  resolvable.  These  striae 
exist  in  the  outer  as  well  as  the  iuoer 
cuticula,  so  thai  the  entire  contour  of  the 
body  is  crenate.  Rather  conspicuous 
latoal  wings  are  present,  the  optical 
expression  of  which  is  two  distinctly  le- 
fractive  longitudinal  lines  oppc^te  the 
lateral  Gelds,  separated  from  each  other 
by  a  distance  somewhat  greater  than  the 
width  of  one  o[  the  annules  of  the  cuticula. 
There  is  a  drclet  of  at  least  sx  cephalic 
setae,  of  which  the  four  submedian  are 
the  longer,  and  aie  somewhat  louRei  than 
the  head  Is  wide.  Possibly  each  of  these 
latter  is  accompanied  by  a  shorter  seta, 
thus  making  ten  in  all.  Appaiently 
labial  papillae  aie  present,  but  (hey  have 
not  been  sufficiently  cleariy  seen  Ui  per* 
mit  of  enumerarion.  From  the  rather 
raised  anus  [he  conspicuous  rectum, 
which  is  twice  as  long  as  the  anal  body 
diameter,  extends  inward  and  forward. 
The  tail  is  concud,  but  tapers  more  rafJdly 
near  the  acute  terminus.  Nothing  11 
known  concerning  the  renelte. 

Habitat:  Fresh  water,  Tyam  Station, 
FU. 

Fic.  800.    Bastiana  eiUit. 

lateral  view  ol  1  male  Bpecimea. 

a,«teoftlietLi  cephalic  papillae;  A,DDeof  tlie 
postoior  set  of  four  aubmediui  ceplialic  lelae; 
t,  eat  of  the  ■nlerioriet  of  sii  cephalic  Mtae;  d, 
tmasimma:  t,  cervical  Kta;/.  ampbid;  (.  oh  ol 
the  cclfi  of  the  intestine;  *.  one  of  the  numerous 
mBleiUK>leimtaiyor|aBS;  ■',  blind  end  ol  the 

comiiletedevelaiimenE  oftbespaniaiaiaa  tak- 
ing pUee  between  the  lo 


m  of  the  tealH  with  thi 
i(  Iht  body  ai 


Iwt  Bbown;  y.  Dcrve-ring;  k.  poalerior  eitrem- 
ity  at  esor^uui  (pKudo-buIb):  J,  left  spicu- 
]um;  ■.cutiajJa;  «,  spcrmatDzoon;  a,«iiil  mus- 
cle: p.  teiminui;  q,  vu  deloens;  r.  InleitiDB. 
CAJtBCobb.) 


.dbyCoOgIC 


498  FRESH-WATER  BIOLOGY 

54  (53)     Male  supplementary  organs  protusile  tubes.    Aphanolaimus  de  Man. 

J ™^ _^ g  Genus  of  Iresh-mter  DCDUtodea, 

''^'  oE  which  nearly  a  dozen  species  are 

,  known.    HenDaphroditiam  OCCUR. 

Representative  species. 

Aphandaimus  spiriferus 
Cobb  1914. 


:  Wash- 


about  as  Ions  as  body  is  ' 
tess  than  ball  as  wide  as  I01 

Habitat;  Potomac  Rivi 
ington,  D.  C. 

Fic.  Sol.    Aftnatlamm  tpiiiftnu. 

t.  lilefil  view,  intfrioi  end  a>  lenuk: 

II,  lalnal  vie*,  pnatcrior  end  of  (emalei 

III,  laten]  view  cf  head,  more  highly 
raaBoified;    IV.    nule    •upplememao' 


i.  unnhid;  c. 
entedey&^p 


da]  gLand;  m,  duct  w  caudaTglind;  ■. 
eiandulu  body  il  hue  ol  neck ;  a,  ifbi- 
Btnt;  ^.  eiaculBt«yduct;  f-inteuiiK:  r, 
anlatoreDd  ofdaacaii.righl  spiculum; 
t,  backwaid  pointing  accesuiy  ptece;  ■, 
nerve  alls  (til  •■  nude  Mppleinailary 
organs.    (Alter  Cobb.) 

Amphids  circular  or  ellipsoidal Tripyla  Bastlan. 

Genua  of  toward  twenty  tresh-watet 


Representative  spedes. 

Tripyla  UOa  Cobb  1914. 

In  lumen  ol  phaiym  at  a  point  re- 
moved from  anterior  eitremity  a  distance 
a  little  Rreater  tbao  radius  ol  bead, 
minute  inward-pointing  dorsal  tooth, 
having  a  length  about  equoJ  to  widtb  of 
one  <rf  the  annujes  ol  cuticula,  proving 
that  pharyni!  extends  backward  a  dis- 
tance equal  to  width  ol  head.  In  some 
^lecimens  not  far  behind  this  point  dis- 
.. — .  . t_ij  j^  lining  of  esopha- 


Habitat;  Alpine  Lakes,  BaM 
Mountain,  Colorado. 

Fio.  Soi.    THfyta  luM. 

a,  labial  papilla;  b,  lip;  e,  amphid;  d.  ipcr- 
matozoau;  r.  spermalocyle  of  anterior  tcscii; 
/,  bue  of  eaopnigku,  paeudo-bulbf  (,  nervc- 
rin^;  k,  cuticula;  >,  oophagui;  j^  lining  ol 
<'»pliuui;  k,  intstinft;  I,  pcMtmor  Intk; 
m,  male  (upplnnentary  oraan;  k,  vas  def- 
erens;    tf.    retractor   musoe   of   ipiculum; 

caudal  gland;  j,  caudal  gland;  L  ipinQeRt. 
(Alter  Cobb.) 
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S6  (51)     Caudal  glands  and  cephalic  setae  absent.     .    .   .     Alaimus  de  Maji. 

Tbe  species  of  this  amali  genus  have  » 
I  nther  simi^  structure.    AIJ  are  slender. 

Some  appear  to  be  parthenogenetic. 

Representative  ^>ecies. 
1  Alaimus  simpUx  Cobb  1914. 

C-J ■%-». 'B-'-'h-   ■■- 

C-J-V-% <■■■*■■■  ■— 

Very  minute  itriations  in  subcuttcula  at 
extremities,  under  favorable  onditions. 
Obscure  traces  of  lateral  wings.  Eggs  ap- 
I»rentlydeposiled  before  segmentation  b«- 

Sins,    Whether  two  testes  or  only  one  not 
elermined.    Broad,  rounded,  blunt  end  of 
testis,  located  as  far  behind  base  of  neck  as 
latter  is  behind  anterior  eitremily. 
Habitat:  Big  Lake,  Fla. 

Fig,  8«3.    Alamnu  amtla. 
I,  lateral  view  of  ■  fenule;   tl,  uterior  o- 
tremity,  litenl  view;  111,  poMuior  ertrooity 
of  a  nude,  laienJ  view. 

a,  lip  reai<m;  b,  phaiyni;  c,  unphid;  tf, 
•ini^d,  eali^ecl;  t,  group  of  nemutaioa  at 

(,  mile  Bupplemenuiy  pcpUlu:  *,  left  ipicu- 
un;  1,  terminus;  ^.lubmHiiaii  elevation  or  flap 
indicating  rudimentary  buna;  jl,  egg;  I,  vulva; 
m,  nerve-rii^;  h.  postcdor  e:rtremjty  of  oopha- 


S7  (so)    Pharynx  present.  . 


f= 


Behind  each  unphid.  at  a  distance  equal  to  the  width 
of  two  to  three  annutes  of  the  cutjcula,  there  is  a  short 
seta.  The  ovaries  are  moved  backward  and  forward 
in  accordance  with  stage  of  development  of  eggs.  These 
latter  appear  to  be  depoated  before  srgmenUtion  begins. 
Notwithstanding  the  slendemess  of  the  tail  caudal  glands 
and  a  spinneret  are  present. 

Habitat:  Roadside  poo],  Douglas  Lake,  Michigan. 


FlO.  804.    PrtifHCglwiMU  sUmina. 

I.  latcial  view  of  a  lemile:  II,  fnwt  view  of  bead;  III,  ride 
view  of  bead- 

B,  one  of  the  lii  cephalic  papilke;  S,  one  of  the  ten  ccphille 
selae;  c,  one  of  tbe  sii  thin  l]|s;  d,  pharynx;  «,  unphtd;  /, 
lumen  of  (lie  esoptaagua;  t,  nerve-ring;  A.  cuticula;  i,  nucleus 
oi  ovum;  j,  viijv»;  »,  blind  end  of  oosteriur  ovary;  (.  Kg;  m, 
beginniiig  of  tbc  intBline;  11,  one  o!  Ibc  celli  of  iLe  wilToi  tbe 

Seiure  in  anterior  ovary;  i,  ipinoereL     (After  Cobb.) 
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59  (s8)     Cavity  small,  amphids  usually  well  developed 60 

60  (61)     Form  of  cavity  conoid,  open  in  front;  circular  amphids  considerably 

behind  it Monkystera  Bastian. 

A  Urge,  kquatk  genus  of  wtuch  about  one  hundred  ^>edei  are  knowa.  Many  nurine. 
Some  found  in  aoil.  Many  aprcis  Feed  upon  diat<»n5.  Probab^  no  other  nematode  ^enu5 
is  so  widespiesd  as  Uonkystera.  In  any  coUecIion  fromland  01  from  fresh  or  ult  water  the 
first  Hpetimen  to  come  to  view  often  proves  to  be  a  iionhystera.  The  species  ore  very  Dumer- 
ous  and  the  individuals  suiptismsly  lo.  Brightly  colored  eye-spots  are  more  common  than  in 
any  other  freah-water  genua. 

Representative  spedes MonhyiUra  seniiens  Cobb  1914. 

!".,J-4,-^--='S— ifr"  — 


The  striae  are  more  readily  visile 
toward  the  extremities,  especially  Che 
posterior  extremity.  'Ilie  lips  amiear 
to  t>e  three  in  number,  and  are  l(mm.- 
tudinally  striated  or  fluted.  The 
anterior  portion  of  the  intestine  ii 
somewhat  bulbous  in  form,  and  is 
separated  from  the  esophajrus  oa 
the  one  side  and  the  true  mtestine  oo 
the  other,  by  a  pair  of  constrictions. 
This  portion  may  perhaps  be  looked 
upon  as  a  stroogiy  developed  cardia. 
The  iBteral  fields  vary  in  width  in 
diSerect  parts  of  tbe  body.  A  little 
in  front  of  the  anus  tbey  are  about 
two-fifths  as  wide  as  the  correspond- 
ing portion  of  the  body,  and  contain 
rather  numerous  scattered  nuclei  o( 
such  a  size  that  about  eight  would  be 
required  to  reach  across  the  field. 
A  little  farther  forward  the  field  is 
narrower.  Anteriorly  it  is  wider 
again.  The  blind  end  of  the  anterior 
testis  is  located  a  short  distance  behind 
the  nerve-ring,  while  the  blind  end  of 
the  posterior  testis  is  located  about  as 
far  m  front  of  the  anus  as  the  ter- 
minus is  behind  it.  The  testes  are 
broad  and  in  some  ports  appear  to 
fill  up  the  maia  portion  ol  the  body 


L  lide  view  o(  a  lenulei  n,  lidc  view  ol  head  ol  the  laioc;  III,  side  view  at  posteriiir  eitreraity  ol  a 

ntl  cephalic  acta;  J,  ■pemiataiooBi  <,  imphid;  /.  lioioc 
u;  ■',  lumen  of  iDtotDM;  t,  dbvc  cdli;  k,  nerve-riag: 
cell-nudeiB  uudated  with  amphidl  a,  amd  end  of 
muida;  r.sptnnertl;  j.  beginning  of  LnlatiDe;  l,anu>; 
-    -    -— -' — oioa^'ii"  beingounrideaf  theegg 


d.  phuym;  i,  lubmaliBn  cephalic 

]|  euphagui:  |,  oophigui;  k,  lubcephali 
I,  itrbted  lip  legioD;  m,  left  ipiculur- 
imgle  ovary;  ^^,  the  Ihr«e  caudal  gunds; 


•■tSi! 
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61  (60)    Form  of  cavity  various,  dosed  in  front,  amphids  opposite  it.     .    63 

62  (63)    lateral  organs  or  amphids  inconspicuous.  ....  -  Trilobtts  Bastian. 
Fresh-water  genus  of  vliich  about  half  a  dozeo  species  are  knova.    Known  to  feed  upon 

diatoms  ia  one  case  and  upon  rotifers  [n  aaotber.    Heimapbroditism  occur*. 

Representative  Species TrUobtts  longus  dj^iy)  i^$i. 


The  lips  bear  papillae  but  ttdr  number  is  not 

e,  !.• • .!J -"r., ,?':,..)  1 ,_,  known.     The  intestuie  frequently  contains  diatoms 

^     '■        '*'       *'  "    "'■'  in  large  numbers,  indicating  that  these  are  a  common 

source  of  nourishment  of  this  q>ecies.  The  longitudinal  6ekls  are  distinctly  developed,  aod 
about  one-fourth  as  wide  as  the  body.  From  the  slightly  elevated  vulva  tbe  vagina  leads  hi- 
ward  at  right  angles  to  the  venttiD  surface  fully  half  nay  across  the  body.    The  reflexed 

each  uterus  at  one  time.  These  are  somewliat  ellipsoidal  and  tHn  shelled,  Ming  about  two- 
tliinls  as  long  as  the  body  is  wide  and  about  two-thirds  as  wide  as  long.  The  egra  Kepeac  to 
pass  through  at  least  the  early  stages  of  segmentation  before  being  deposiled.  The  waOa  of 
the  vagina  present  the  pecuuaiity  of  being  very  thick,  and  composed  of  sir  to  seven  am- 
centiic  layers  so  that  the  organ  is  con^derably  broader  than  it  is  deep.  lis  interna!  wall 
pnunls  the  peculiarity  of  staining  strongly  with  carmine, 

Triloliui  lanrus,  the  onl;^  American  freshwater  nematode  outside  the  Mtnnilltidae  tliat  had 
been  adequately  characterized  previous  to  the  inception  of  this  chapter,  was  described  by  the 
famous  Pliiladeipbia  naturalist.  Dr.  Joseph  Leidy,  m  iSji.  At  that  tinK  extremely  littk  was 
known  about  the  tree-Uviog  fresh-water  nematodes,  and  no  one  dreamed  of  theur  vast  number 
and  variety.  The  peculiar  male  supplementary  organs  of  Trilobuj  did  not  fail  to  attract  atten- 
tion, and  it  is  owing  to  this  fact  that  f.eidy'a  name  is  associated  with  the  strildng  species 
Seiected  as  a  representative  of  the  genus. 

Habitat:  Mud  about  the  bases  of  aquatic  plants,  in  pools,  ditclies,  rivers,  and  lakes  through- 
out the  countty. 


Fio.  aoS.    Tritttus  lomtm. 

,    ,   .n.  had,  lateral  view;  IV,  had,  ventnl  view;  V,  anterior  ninife- 
supplemenlary  atgan:   VII,  two  aupplcmentuy  oigaiu  from  an  sceptioDal 

Ut«l  Hti;  b,  papilla:  c,  submediin  seta:  d,  pharyni;  t,  Iiien]  organ;  /,  looth;  (.  tooth;  k,  ai^- 
11  i.  nerve-rina;  J,  cicrelary  pore;  i.  body  muida:  J,  gUodularl?)  onaos:  «,  iDtestine:  ■,  blind 
uterior  UMide;  d.  (atide:  p.  juiiclkia  of  testida;  {.  Uind^nd  pntenor  tatide;  r,  vu  deferem: 
an  lA  fupplementuy  organ;  I.  cavity  o(  sipplsnentuy  omn;  ■.  Icfl  spiculun;,  e.  mcaatory  piece; 
he  three  audal  glands;  z,  aoui;  y,  lermiaiu;  i,  upei  of  supplemcntaiv  organ.      (Alts  Cobb.) 
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Single  species  known Atumchus  monkysta-a  Cobb  1913. 


E"!.f--B~'i5--T7-"r.- 

E";i--i'r-^i--1jv5v 


>.      Latent    Gelds  occu|»ed  by  about  for^  btenul 

dlipooidsl  bcxliea,  rather  equally  spaced  in  two  teiiea. 

.  Caidia  slender,  as  lims  as  the  neck  is  wide.    The 

twenty  tubular  male  supplemenury  organs  are  cm- 

tiDued  to  tbe  head  by  a  series  of  about  aevoity  minute  ventral  depressioas. 

Habitat:  Mud  about  the  roots  oJ  aquatk  plant*,  Potgmac  Kivet. 


Fio.  S07,    AmiiKliHt 


a.  onoath  apeniiig;  b^  ^baryiu;  c,  ctpbaiic  ut4; 
i.  Literal  OTfui;  r^csopliBffm;  /»  ctUuLu'  body  id 
lalEral  fieidj     i,  Derve-rinK;     k,    excnUtey  pore; 

tM;  l.S.aJaoi'iBlaliae-,  m,'&Lad'eaa  nl te^lc; 

■upplcmentiiy  ornna;  q.  iDua 


Fio.  SoS.    AtuHilua  mmkyikn. 


nouth  owDiof ;  b.  ophal 
It,  VDlertor  poKkni  ol  Pb 


„.    .  hU;  f,  chlLimus 

r  poKkni  ol  pharynx;  d.  pbuyu; 
I,  npinl  impbid;  /,  radial  mmadaCuTe  of  doph- 
vui;  (.  lumcD  of  «iiplu«it>;  *,  cuticula:  ■', 
un[iulliaf^aad(?);i,  body  wdl.    (jUtei  Cobb.) 


„  ._:  o(  lb 
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64  (i)     Posterior  legjon  of  intestine  atrophied;  anus  vestigial  or  absent. 

Family  Mermithidae  .  .  65 
The  fonus  included  in  this  group  nrc  of  some  siie,  being  notably  Urger  thao  thow-  in  the 
Gist  section  of  the  nematodes.  These  often  reach  la  to  30  cm.  in  leiigth.  They  are  mote 
or  less  (plaque  so  that  the  internal  structure  cannot  usually  be  detetmined  by  super- 
ficial eiamination  of  the  living  animal.  The  intestinal  region  of  the  alimentary  canal  is  re- 
daced  to  a  mere  cord  of  cells  without  any  cavity,  or  may  be  entirely  wanting  for  a  portion  of 
the  length.  The  anus  if  discernible  at  all  in  the  female  has  the  fonn  o(  ■  mere  shallow  dent 
ID  the  external  surf  ace  of  the  cuticuU  to  which  the  vestigial  remnant  of  the  intestine  is  attached. 
Id  the  male  the  lenninal  portion  of  the  intestinal  canal  perusts  as  the  genital  duct  cipaca  and 
~'ie  anus  functions  as  its  ori&ce.  but  tlie  intestinal  tube  is  atrophied  in  front  of  the  point  at 


which  the  sexual  canal  joins  it.    These  forms  are  parasitic  in  larval  life  and  do  not  feed  duri 

■  ■  The  lall  "  .    ■-.       ■  -  -      . 

_ , _ itly  rep_. _,    

baUt  and  to  some  extent  also  in  eitemal  form  Mermithidae  are  often  regarded  as  related  to  the 


the  adult  stage  of  their  edstence.    The  latter  may  be  pa.i5ed  either  in  water  or  in  the  *w, 
.....  _■.  .t. e  frequently  reported  Iron    "'    '  '"        ■>  .   .1  .   .    '  •■'-     -—  ■— 


"hair  snakes"  (ConUacea)  to  which,  however,  they  bear  no  real  Jtructural  rescmbluice.    They 
■iBthelo-c»Ued"c»bbagewoniis"which  fromtimetotime  enjoy  transiei 
OD  aocouot  of  their  supposed  poisonous  character  whereas  really  they  ai 


D  Mermithidae  are  very  little  Icnown.      The  following  key  to  the  establiihed 

genera  will  be  of  service  to  the  student  in  allotting  any  of  his  discoveries  to  the  proper  genus. 

65  (^)     Hypoderm  with  only  two  longitudinal  fields;    cuticula  with  criss- 

cross fibers;  spiculatwo Neomermtsvoalinstow. 

66  (65}     Hypoderm  with  more  than  two  longitudinal  fields ,     67 

67  (78)     Lonfptudinal  fields  six 68 

<^  (73)    GutictJa  without  criss-cro^  fibers 69 

69  (70)    Spictila  two Mesomermii  Daday. 

Representative  species Uesomermu  virginiana  Cobb  1914. 

There  are  minute  longitudinal  striationa  throughout  the  body.  These  an  inteinipted  on  the 
lateral  lines  where  there  is  a,  distinct  wing.  There  is  no  distinct  pharynx.  The  mouth  pore  is 
very  minute  and  Is  located  a  little  toward  the  ventral  side  of  the  middle  of  the  front  of  the  head. 
The  cuticula  is  penetrated  on  the  head  by  a  number  of  innervations  which  end  in  minute  depres- 
Amt  on  the  surface  of  the  head.  Near  the  mouth  opening  there  is  one  of  these  depressions  on 
tbe  dorsal  side,  and  apparently  a  similar  one  on  the  ventral  side,  while  nearer  the  outer  margin 
of  the  bead  there  are  two  ventral  submedian  and  two  dorsal  submedian  similar  depressions. 
Pores  occur  also  here  and  there  on  the  body,  as  well  as  on  the  neck.  The  lateral  organs  present 
tbe  following  appearance  when  seen  from  the  side:  They  appear  to  project  from  the  surface 
of  the  body  vefy  slightly,  beginning  as  a  tube  having  a  length  about  one-third  as  great  v  ' 
powfing  diameter  of  the  head.     Thiatv'     '  


cormponding  diametet  of  the  head.  This  tube  has  very  thii 
ear  tbe  surface  of  the  body,  a  second  element  app . 
itin^  the  contour  of  the  outer  tube.    This  appears 


■Miuenlly  near  the  surface  of  the  body,  a  second  element  appears  in  the  form  o(  a  circle  inside 
that  lepresentin^  the  contour  of  the  outer  tube.  This  appears  to  constitute  a  sort  of  core  in 
tbe  midst  of  which  are  a  number  of  refractive  elements,  resembling  nerve  fibers,  which  pass  in- 


ward and  backward  toward  the  lumen  of  the  esophagus,    Somi  ._ „.. 

than  otbeis.  The  focus  passing  inward  picks  up  one,  then  two,  then  several  more,  so  that  by 
tbe  time  a  view  is  obtained  that  is  wholly  inside  the  body  there  are  seen  a  half  dozen  ot  more 
of  these  elements.  It  is  Impossible  in  this  view  to  pick  up  the  internal  connections  of  these 
refractive  elements.  The  lateral  fields  are  about  one-third  as  wide  as  the  boiy.  The  tail  of 
tbe  male  bears  several  series  of  innervated  iwpillae.  These  papillae  are  arranged  on  the  ventral 
snbmediaa  lines  as  well  as  on  the  ventral  line.  The  ventral  papillae  just  in  front  of  and  just 
b^ind  tbe  anus  are  double.  In  the  submedian  rows  there  are  four  on  the  tail  —  one  oDposile 
tbe  anus,  one  a  Utile  farther  back,  a  third  near  the  middle  of  the  tail,  and  a  fourth  considerably 
farther  back.  In  front  of  the  anus  on  each  side  there  are  eight  submedian  papillae  occupying  a 
"  ■'      "   "     IS  preat  as  the  length  of  the  tail;  tbe  distance  between  the  successive 

'*-*""x  from  the  anus,  so  that  the  space  between  the  seventh  and 
_„  .       .  „      t  as  the  diameter  of  the  body.    Of  the  median  papillae  on  the 

tail  there  are  three,  two  near  the  anus  and  one  just  in  front  of  the  middle  of  the  tail,  with  pos> 
■ibiy  a  fourth  farther  back.  Of  the  median  papilUe  in  front  of  the  anus  there  are  two  near  the 
anus,  and  ten  additional  ones  about  coextensive  with  the  submedian  pBpilla&  and  distributed  in 
tbe  ume  manner.    There  are  two  outstretched  testes,  the  posterior  a  little  shorter  than  the 

To   ,^ }  —  '{ I :!^ — j^^    iiK.     Hatutat:   Cranberry  bog,  Arlington  Farm.  Virginia. 
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tniiif;  b.  literal  or^n;  c.  noplu^;  d.  oerve-no^  t.  poatfiriot  end  cflophigiu;  /,  intaUoe; 
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70  (69)    S[»culuni  single 71 

71  (73)  Vagina  of  the  adult  cyllndioid,  S-sbaped.  .  .    Limnomermis  Daday. 

73(71)    Vagina  tubular  (?)  Dot  S-shaped Pteudomermis  deMaa. 

73  (68)    Cuticula  with  criss-cross  fibers. 74 

74(77)     Vaj^  of  the  adult  S-shaped 75 

75  (7Q     Spiculum  »ngle Paramermis  von  Linstow. 

76  (7S)    SfHcula  two Mermis  Dujardin, 

77  (74)     Vagina  of  the  adult  not  S-shaped Baihymermis  Daday. 

78  (67)     Longitudinal  fields  eight 79 

79  (So)    Cuticula  without  criss-cross  fibers Sydromentus  Corti. 

So  (79)     Cuticula  with  criss^iross  fibers Eumermis  Daday. 
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CHAPTER  XVI 
PARASITIC    ROUNDWORMS 

By  henry  b.  ward 

Fnftisfr  ef  ZMhiy  In  On  Vnheriilt  sf  Ittimrii 

The  roundworms  or  Nemathelminthes  constitute  a  group  of 
convenience  into  which  are  put  three  classes  that  have  little  in 
common  except  general  external  appearance.  But  even  in  this 
feature  differences  of  a  real  character  appear  on  closer  examination 
and  the  study  of  internal  anatomy  fails  to  show  any  intimate 
agreement  in  the  fundamentals  of  structure.  The  three  classes 
embraced  in  this  phylum  are  the  Nematoda  or  true  roundworms, 
the  Gordiacea  or  hairworms,  and  the  Acanthocephala  or  probos- 
cis roundworms.  All  agree  ia  the  elongated  generally  cylindrical 
form,  and  in  the  uniform  or  monotonous  external  appearance. 
The  Nematoda  show  nearly  always  some  taper  toward  one  or  both 
ends,  being  thus  spindle-shaped  rather  than  truly  cylindrical,  and 
possess  a  smooth,  glistening,  colorless  external  surface.  The  Gor- 
diacea are  larger,  more  uniformly  cylindrical  with  blunt  rounded 
ends  and  an  exterior  at  least  faintly  colored  in  whole  or  in  part. 
The  Acanthocephala  show  a  roughened  surface  sometimes  with 
imperfect  rii^  around  the  body,  and  the  form  usually  like  a 
carrot  is  always  somewhat  irregular.  These  differences  are  general 
and  subject  to  exception  but  with  practice  one  can  usually  separate 
members  of  the  three  groups  at  sight,  and  the  structure  is  so  differ- 
ent that  it  is  wise  to  consider  each  group  separately  in  an  inde- 
pendent section  of  the  chapter. 

Biologically  the  three  classes  show  certain  contrasts.  The  Nema- 
toda include  many  free-living  forms  and  many  others  purely 
parasitic,  but  most  of  the  latter  have  brief  free-living  stages  during 
which  they  achieve  the  transfer  to  a  new  host.  The  Gordiacea  are 
parasitic  during  early  life  and  spend  the  adult  existence  free  in 
water  bodies.  The  Acanthocephala  are  among  the  most  highly 
specialized  of  parasites  as  they  have  no  free-living  stages  at  all 
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and  as  there  is  no  trace  of  an  alimentary  canal  at  any  stage  ol 
development. 

In.  collecting  parasites  one  may  find  adult  Nematoda  and 
Acanthocephala  side  by  side  in  the  same  intestine  but  the  latter 
rarely  occur  outside  the  alimentary  canal  and  nematodes  often  do. 
■  The  Gordiacea  are  parasitic  in  larval  stages  normally  in  the  body 
cavity  of  Insecta  and  are  found  only  infrequently  in  other  hosts. 
They  are  most  commonly  found  as  adults  in  general  aquatic  col- 
lecting and  are  well  known  even  to  the  casual  observer  of  life  in 
ponds  and  ditches  under  the  popular  designation  of  "Hair  Snakes." 

The  teclmic  of  handling  the  roundworms  is  not  simple.  Para- 
sitic nematodes  are  collected  in  the  manner  already  described  for 
parasites  in  general  (p.  368},  but  owing  to  the  very  reastant  cutic- 
ula  and  delicate  structure  of  these  worms  great  care  is  necessary 
to  avoid  injuring  specimens  seriously.  Those  which  are  loose  can 
be  picked  up  with  a  fine  camel's  hair  brush.  This  instrument  is 
most  convenient  in  the  handling  of  small  E^>ecies.  Many  species  are 
so  firmly  attached  to  the  intestinal  wall  that  it  is  difficult  to  remove 
them  without  injury.  Gentle  manipulation  if  prolonged  will  usu- 
ally  loosen  the  hold,  but  the  body  is  easily  lacerated  by  grasping 
it  with  forceps  other  than  very  lightly  or  the  mouth  parts  are  often 
torn  by  pulling  the  worm  too  hard.  Encysted  forms  should  be 
freed  from  the  cyst  under  a  dissecting  lens  with  fine,  sharp  needles. 
A  very  good  needle  is  made  of  a  glass  rod  drawn  out  to  3  point. 
Most  nematodes  are  very  sensitive  to  changes  in  osmotic  pressure 
and  are  badly  disfigured  by  rapid  changes.  Living  specimens 
should  not  be  put  into  distilled  water  or  normal  salt  solution. 
Tap  water  is  fairly  good  and  for  nematodes  from  fresh-water  fish 
a  0.3  per  cent  salt  solution  is  best,  but  material  should  not  be 
left  in  such  a  fluid  longer  than  absolutely  necessary. 

The  resistant  cuticula  prevents  the  entrance  of  cold  killing 
solutions  so  thoroughly  that  these  worms  live  even  hours  in  fluids 
that  kiU  other  parasites  promptly.  Hot  fluids  coagulate  the  body 
proteins  and  preserve  specimens  well  extended.  No  successful 
methods  of  narcotization  have  yet  been  worked  out.  The  killing 
fluid  recommended  by  Looss  is  all  in  all  most  useful;  it  is  made 
by  addii^  to  alcohol  (70  to  85  per  cent)  from  5  to  10  per  cent 
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glycerine.  This  fluid  is  heated  over  a  flame  in  a  beaker  or  thin 
watch  glass  until  it  begins  to  volatilize,  or  more  precisely  to  a 
temperature  of  56°  to  60°  C.  The  worms  in  a  minimum  amount 
of  fluid  axe  dropped  into  the  beaker,  whereupon  most  forms 
straighten  at  once.  Specimens  are  preserved  permanently  in  this 
mixture  and  by  allowing  it  to  evaporate  slowly  one  can  bring  them 
gradually  into  strong  glycerine  in  which  they  can  be  studied.  This 
method  is  especially  good  for  mounting  in  toto.  For  histological 
details  nematodes  should  be  killed  in  a  mixture  containing  equal 
parts  of  acetic  add,  alcohol,  and  water,  which  has  been  saturated 
with  corrosive  sublimate  and  to  which  has  been  added  0.25  per  cent 
osmic  add. 

Fonnol  can  be  used  to  advantage  only  in  the  lactbphenol  quick 
method.  Nematodes  are  killed  in  2  to  5  per  cent  formol  and  after 
lying  there  2  hours  are  gradually  transferred  to  a  solution  com- 
posed of  I  part  glycerine,  i  part  lactic  add,  i  part  phenol,  and  2 
parts  water.  The  transfer  should  be  timed  to  bring  them  at  the 
end  of  6  hours  into  the  pure  solution. 

Lactophenol  specimens  are  mounted  in  the  same  fluid  in  a  pre- 
pared cell.  Glycerine-alcohol  material  is  mounted  in  strong  glycer- 
ine into  which  it  has  been  carried  gradually  by  evaporation.  When 
material  must  be  stained  and  embedded  for  sectioning,  or  mounted 
in  balsam,  treatment  is  very  difficult  and  results  are  uncertain.  In 
general  all  changes  must  be  gradual  and  as  deliberate  as  possible. 
The  simplest  method  is  to  employ  a  string  siphon  made  by  placing 
three  stender-dishes  in  a  stair-step  series,  with  the  worms  in  the 
middle  dish  and  the  fluid  into  which  they  are  to  be  transferred  in 
the  top  dish  while  the  waste  flows  into  the  bottom  dish.  String 
siphons  lead  into  and  out  of  the  center  dish  and  the  amoimt  of  the 
flow  is  regulated  by  the  ^ze  of  the  string. 

The  differentiator  (Fig.  811)  is  a  very  valuable  aid  in  nematode 
technique.  Worms  are  placed  m  the  small  tube  a  and  the  tube  b 
is  filled  with  the  fluid  into  which  they  are  to  be  transferred.  The 
very  fine  tip  regulates  the  flow  of  the  fluid.  When  in  absolute 
alcohol  they  can  be  taken  out  and  brought  into  a  dearing  fluid 
by  the  aphon  method,  or  the  differentiator  may  safely  be  used 
by   extending    the    fine    tip    e,    and    leaving    out    the    mixing 
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chamber.  The  best  clearing  fluids  are  synthetic  oil  of  wintergreen 
(methyl  salicylate)  and  xylol.  As  stains,  Delafield's  hematoxylin, 
Ehrlich's  add  hematoxylin,  and  Mayers'  paia- 
carmine  give  good  results.  For  sections  the  first 
two  are  advised,  also  a  stain  made  by  saturating 
a  one  per  cent  phenol  solution  with  thiouin. 
Special  methods  were  worked  out  on  the  nerv- 
ous system  by  Goldschmidt.  Nematodes  may 
also  be  studied  by  staining  intra  vitam  by 
thionin  without  phenol  and  by  methylene 
bhie. 

When  specimens  are  to  be  transferred  to  bal- 
sam or  damar,  it  is  wise  to  pierce  the  body 
wall  with  a  fine  needle.  Some  skill  is  necessary 
to  avoid  injury  to  internal  organs.  When 
transferring  the  worms .  to  thin  balsam  place 
them  in  paper  cups  and  allo^  the  medium 
to  dialyze  into  them.  Sections  are  difficult  to 
make  but  possible  by  the  use  of  very  hard 
paraffin  and  great  care  in  making  the  transfers. 
Vacuum  embedding  is  helpful  in  securing  good 
infiltration. 

For  Gordiacea  the  alcohol-glycerine  method 
is    useless;    on    the  whole   the   corrosive  subli-   i«  ucivu~uu.e.  »  ..^a- 

.,  lilt         v<m;  6,  object  hoLdoi;  c, 

mate-acetic  mixture  works  best,  but  should  be   £!<«■  »™i  ™g«t«i™>  de- 

vu;  d,  uidy   tutni   jl, 

used  wanned  to  56  or  60  C.    In  other  respects  mmpgciumbeT,  Them- 


orwd  in  tbe  ficu"-  In 
Uing  avind  bobblM.     (, 

H*  dcuiiu  fluida;  /,  cod 
Jttt  of  dineRDtiilat  (or 
■kobob.    (AfCa  Umtti.) 


the  instructions  for  nematode   technic  apply 
here  also. 

The  Acanthocephala  are  best  killed  and  fixed 
in  the  corrosive  sublimate-acetic  mixture  and 
do  not  come  out  well  in  glycerine-alcohol.  In  general  methods 
used  for  flatworms  work  well  with  these  forms  also,  but  for 
more  precise  results  on  any  of  the  roundworms  each  worker 
must  develop  a  special  technic.  (Compare  further  Looss, 
Ransom,  Magath.) 

The  following  distinctly  artifidal  key  may  be  used  to  separate 
the  three  classes  of  Nemathelminthes;  it  must  be  supplemented  by 
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reference  to  the  longer  dlscus^on  in  the  opening  paragraph  of 

this  chapter. 

A  (B)    With  anterior,  protrusible  proboscis  covered  with  rows  of  recurved 

hooks Class  Acantbocephala  (page  543) 

B  (A)    Without  proboscis  at  aoterior  end C 

C  (D)     Adult  free-living,  aquatic,  tong,  cylindrical,  with  posterior  end  bifid 

or  bluntly  rounded Class  GoidUcM*  (page  535) 

The  family  of  the  Mermitbidae  (page  534)  agrees  in  some  of 
these  particulars  with  the  Gordiacea,  although  the  structure  shows 
that  these  spedes  are  true  Nematoda  and  not  Gordiacea;  they  are 
readily  distinguished  by  the  acutely  pointed  posterior  end  aqd 
terrestrial  habit. 

D  (C)  Adult  usually  spindle-shaped,  tapering  rather  than  cylindrical.  Pos- 
terior end  never  bifid  or  bluntly  rounded,  usually  acutely 
pointed,  occasionally  peculiarly  modified  in  form. 

Class  Nematoda  .    .    E 
£  (F)     Free-living  during  entire  life  cycle.     Adults  small,  transparent. 

Free-living  Nematoda  (page  459) 
F  (E)     Parasitic  during  most  or  all  of  the  life  cycle.    Larvae  small,  transpar- 
ent; adults  variable  in  size,  often  more  or  less  opaque. 

Parasitic  Nematoda 
Parasitic  Nematoda 

The  nematodes  are  easily  recognized  by  their  appearance,  which 
has  given  them  the  common  name  of  round-  or  threadworms. 
Most  of  them  are  small,  measuring  only  a  few  millimeters  in  length 
and  a  fraction  of  a  millimeter  in  diameter,  and  resemble  a  fragment 
of  a  violin  string.  A  few  of  the  larger  sorts  reach  a  length  of 
several  centimeters  or  even  a  meter.  The  external  surface  is  usu- 
ally smooth  and  glistening  and  the  body  is  not  divided  into  joints 
or  segments.  In  some  cases  a  fine  surface  striation  is  present 
which  appears  under  a  lens  as  delicate  circular  grooves;  the 
exterior  may  also  bear  irregular  beaded  tubercles  or  fine  scales, 
spines,  or  hairs.  When  present  these  are  usually  confined  to 
certain  regions  and  the  remainder  of  the  surface  has  the  typical 
nematode  appearance. 

The  body  tapers  slightly  towards  one  or  both  ends  and  only 
very  rarely  can  one  find  marked  differences  in  diameter  or  dis- 

*  Some  authors  de^gnate  the  class  Mematomorpha  and  rank  the  Gordiacea  as  an 
order  under  it. 
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tinguish  adjacent  regioos  by  other  prominent  features.  As  a  rule 
the  anterior  end  is  slightly  blunter  whereas  the  posterior  end  is  more 
pointed.  The  unifonnity  of  external  appearance  is  very  charac- 
teristic of  nematodes.  This  creates  an  impression  of  monotony 
in  structure  and  renders  their  classification  difficult.  The  smaller 
forms  are  somewhat  transparent  in  life  but  the  larger  species  are 
opaque. 

One  may  also  recognize  a  nematode  easily  by  its  peculiar  type 
of  movement,  which  in  a  hquid  medium  consists  of  a  more  or  less 
rapid  and  violent  coiling  and  twisting  alternately  right  and  left 
without  appreciable  progress,  but  is  modified  by  the  presence  of 
solid  particles  in  the  fluid  into  3  powerful  serpentine  movement 
winding  in  and  out  among  the  debris.  This  grows  in  effectiveness 
as  the  material  becomes  more  nearly  solid  and  the  particles  are 
less  readily  pushed  aside  by  the  twisting  of  the  worm. 

In  external  features  the  parasitic  species  appear  somewhat  dif- 
ferent from  the  free-living  forms.  On  the  whole  they  are  much 
larger,  thicker  and  more  opaque.  Few  species  are  as  minute  as 
free  forms  and  only  these  minute  types  approach  the  free  species 
in  transparency.  The  external  form  is  also  more  monotQnous 
since  the  delicate  hairs  and  scales  that  distinguish  free  species  are 
almost  entirely  wanting.  Eyes,  amphids,  and  setose  tactile  organs 
such  as  already  described  for  free-hving  types  are  not  present  in 
parasitic  species. 

Parasitic  nematodes  occur  in  nearly  all  water-living  vertebrates; 
they  are  also  often  found  in  insects.  In  crustaceans  and  worms  they 
are  much  less  frequent  and  in  any  other  forms  their  presence  is  un- 
usual. While  adult  forms  are  found  in  all  hosts,  yet  the  immature 
stages  are  more  frequent  in  hosts  from  the  lower  groups  mentioned 
and  less  common  in  the  higher  vertebrates.  The  encysted  worms 
are  usually  larval  forms.  The  adults  frequent  commonly  the 
alimentary  canal,  though  some  species  occur  regularly  in  con- 
nective tissue  and  rarer  types  in  other  parts  of  the  body.  Encysted 
larvae  may  be  found  almost  anywhere. 

In  structure  the  parasitic  threadworms  manifest  great  similar- 
ity to  the  free-living  species  and  in  view  of  the  detailed  treatment 
given  the  latter  in  the  last  chapter  it  will  be  necessary  in  the  pre»- 
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ent  general  discussion  to  refer  prominently  only  to  points  of  con- 
trast or  to  features  peculiar  to  parasitic  forms.  For  further 
structural  details  the  student  should  consult  that  discussion  which 
should  be  read  in  connection  with  the  following  description.  Some 
parasitic  nematodes  are  apparently  indistinguishable  from  free- 
living  species,  others  are  classed  in  the  same  genera  or  families, 
but  there  are  also  large  groups  that  contain  no  free-living  species 
and  are  highly  modified  for  a  parasitic  existence.  In  general  the 
smaller  transparent  species  show  the  greatest  similarity  to  the  free- 


FiaSii.    Al.. _ 

Up*  witb  ooe  eacb:  the  ahmded 
lioi.  MuDiBed.  (After  Lmckari 

ofhaiLXUJ-     (Origiiul.)     JV . 

yauog  Isuk.  Imn  Ihc  ii(bt,  X  160.    (Afla  Lodm.) 

living  Species  whereas  the  large  opaque  forms  depart  most  widely 
from  that  type.  In  general  organology,  microscopic  structure  of 
cells  and  their  arrangement  in  layers,  as  well  as  in  fundamental 
features  of  reproduction  and  development,  the  parasitic  nema- 
todes agree  substantially  with  the  free-living  forms  and  manifest 
their  recent  differentiation  from  them. 

The  anterior  end  or  "head"  of  a  nematode  is  usually  slightly 
truncated  or  bluntly  rounded  and  shows  under  a  lens  the  presence 
of  lips,  papillae,  spines,  teeth  and  other  special  structures. 

In  reality  the  numerous  modifications  of  the  anterior  end  may 
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be  reduced  to  a  few  fundamental  types  (Fig.  812).  In  the  first, 
the  tip  of  the  body  is  unarmed  or  at  most  provided  with  a  few 
minute  papillae  arranged  around  the  mouth  opening  which  is  a 
minute  circular  orifice.  In  a  second,  three  lips  are  present,  a  large 
dorsal  and  two  smaller  ventro-lateral,  which  border  a  triangular 
mouth.  In  a  third,  the  oral  aperture  is  a  dorso-ventral  slit  guarded 
by  two  lateral  jaws  often  called  lips  but  very  distinct  in  fonn  and 
function  from  the  triple  labia  of  the  second  type.  In  the  fourth 
class  one  finds  a  hollow  cup-shaped  capsule  with  an  entire  margin 
which  in  lateral  aspect  resembles  the  jaws  of  the  third  type  but  is 
very  unlike  them  in  general  plan.  The  capsule  is  a  powerful 
sucking  organ,  the  jaws  act  as  a  grasping  organ  like  a  vise  or  pin- 
cers,  the  lips  are  weaker  and  more  varied  in  movement.  These 
main  types  of  oral  apparatus  are  modified  in  so  many  directions 
that  it  is  often  difficult  to  comprehend  the  general  type  involved 
in  a  complicated  case. 

The  mouth  cavity  may  be  tubular,  funnel-shapedj  or  even  ex- 
panded into  a  globular  or  oval  capsule  or  pharynx.  Following 
this  region  comes  the  esophagus  which  is  either  muscular  or 
capillary.  The  muscular  type  is  prominent,  thick  walled,  and  tri- 
angular in  cross  section  (Fig.  813,  a),  with  the  muscle  fibers  perpen- 
dicular to  the  liunen.  By  the  contraction  of  these  fibers  the 
cavity  is  enlarged  and  the  a 

organ  acts  as  a  pump  to 
draw  in  food.  The  esophagus 
may  be  differentiated  into 
two  regions,  one  clearly  mus- 
cular and  the  other  granu- 
lar, or  the  single  muscular      „    ,         j  ^  ,_.  j  ^    ,     .r_       .■     < 

'  °  Fig.  81].     a,  Ancyliislama  iuodatait.     Timnnectiuo  oi 

region  may  have  large  (sali-  SL^SlTfcS^;«^i'^5U/CZL 
vary?)  gland  cells  m  its  wall.    ^^  ™  ""^ ' 

It  is  frequently  terminated  by  a  spherical  bulb  which  contains  a 
valvular  apparatus.  In  some  cases  this  bulb  is  double.  The 
cavity  is  lined  by  an  inturned  layer  of  the  external  cuticula  which 
terminates  at  the  bulb.  This  is  the  type  of  esophagus  found  in 
free-living  forms  (see  Chapter  XV,  p.  461,  Fig.  766).  The 
capillary  esophagus  (Fig.  S13,  b),  consists  of  a  minute  chitinous  tube 
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surrounded  by  a  row  of  granular  cells  but  without  muscle  elements. 
It  does  not  terminate  in  a  bulb  thoi^h  the  end  of  the  cell  row  may 
be  slightly  enlarged. 

The  esophagus  opens  directly  into  the  following  region  which  is 
a)mmonly  termed  the  intestine.  It  is  the  digestive  portion  of  the 
canal  and  is  without  any  cuticular  lining.  The  cavity  is  of  a3n- 
siderable  size  and  lined  by  large  cells  rich  in  protoplasm.  This 
region  changes  gradually  into  the  narrow  terminal  section  of  the 
canal,  known  in  the  female  as  the  rectum,  or  in  the  male  as  the 
cloaca,  since  the  duct  of  the  sex  gland  joins  it  to  form  a  common 
passage  way. 

The  tail  is  ordinarily  sharply  pointed  though  sometimes  the 
point  is  short  and  in  other  cases  long  drawn  out.  The  anal  open- 
ing is  ventral,  a  httle  anterior  to  the  tip  of  the  body.  In  a  few 
instances  the  anus  is  terminal  and  the  tail  is  rounded  or  of  peculiar 
form.  In  several  famiUes  its  true  character  is  obscured  in  the 
male  because  lateral  wings  or  folds  of  cuticula  cover  it.  These 
folds  may  be  low,  narrow,  keel-like  ridges  along  the  sides  or  may 
have  developed  into  wide  semi-drcular  wings  forming  together  a 
clasping  organ  known  as  the  bursa.  Protoplasmic  strands  in  the 
wings  appear  like  ribs  of  an  umbrella;  they  vary  in  form  and 
number  and  are  much  used  in  the  diagnosis  of  species.  Numerous 
papillae  occur  on  the  ventral  surface  of  the  male  both  in  front  of 
and  behind  the  anus.  They  vary  greatly  in  size  and  arrangement 
in  different  species  and  constitute  another  useful  feature  in  the 
determination  of  genera  and  species.  A  prominent  cup-shaped 
sucker  is  fotmd  on  the  ventral  surface  in  front  of  the  anus  in  some 
species  and  one  can  often  see  in  the  body  behind  the  anal  orifice  a 
few  large  unicellular  structures  which  are  interpreted  as  glands. 

Between  the  head  and  the  taU  there  are  very  few  external  fea- 
tures to  be  noted.  A  minute  excretory  pore  lies  in  the  mid-ventral 
line  not  far  from  the  middle  of  the  esophagus.  In  the  female  the 
sexual  pore  also  is  found  on  the  ventral  surface;  in  some  families 
it  is  near  the  head,  in  others  near  the  tail,  and  again  in  the  center  of 
the  body.  Its  location  is  an  important  characteristic  in  definite 
the  various  groups. 

A  drcumesophageal  nerve  ring  with  lateral  gai^lia  is  a  conspic- 
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uous  feature  in  most  nematodes.  It  lies  not  far  from  the  excretory 
pore,  a  short  distance  behind  the  anterior  end  of  the  esophagus. 

A  cross  section  of  the  body  shows  on  the  exterior  the  thick 
non-cellular  cuticula;  within  it  the  hypoderm  or  sub-cuticula 
which  is  cellular  but  without  cell  walls.  This  layer  is  thin  except 
at  the  median  and  lateral  fields  which  are  visible  externally  as 
faint  streaks  and  hence  often  called  "lines";  here  it  projects  inward 
between  the  muscle  cells.  The  major  part  of  the  body  wall  con- 
asts  of  the  muscular  layer,  a  sii^e  layer  of  large  cells  with  longi* 
tudinal  but  no  circular  or  cross  fibers;  these  cells  have  a  con- 
spicuous protoplaanic  body  on  the  inner  side  next  the  body  cavity. 
The  muscle  layer  is  divided  into  four  areas  separated  by  the  median 
and  lateral  fields  of  the  bypodermis;  rarely  the  presence  of  sub- 
median  fields  makes  eight  such  muscle  areas.  Each  of  the  four 
muscle  areas  may  contain  many  muscle  cells  (the  Folymyaria) 
or  be  limited  to  a  longitudinal  series  of  two  muscle  cells  (the 
Meromyaria). 

The  cuticula  of  nematodes  is  usually  said  to  be  "  chitinous  "  but 
as  this  layer  is  soluble  in  alkalis,  digested  by  the  action  of  en- 
zymes, and  contains  a  very  high  percentage  of  nitrogen,  it  is  not 
chitin;  it  has  been  correctly  designated  as  comein  by  Reichard. 
Glycogen  occurs  in  large  amount  in  nematode  tissues  and  is  sup- 
posed to  furnish  them  oxygen  and  energy. 

The  body  cavity  is  large  but  not  lined  by  a  peritoneal  epithe- 
lium. It  is  in  fact  formed  by  the  breaking  down  of  connective 
tissue  cells,  the  remnants  of  which  may  still  be  observed  in  well 
preserved  specimens,  especially  at  the  anterior  end.  Both  repro- 
ductive and  digestive  organs  are  free  in  this  cavity  since  mesen- 
teries are  lacking.  In  full-grown  worms  the  space  of  the  body 
cavity  is  almost  entirely  filled  by  the  greatly  enlarged  and  much 
convoluted  reproductive  organs  which  press  upon  each  other,  the 
alimentary  canal,  and  the  body  wall  so  as  to  leave  only  small 
irregular  cavities  here  and  there. 

The  reproductive  system  is  exceedingly  ample.  In  both  sexes 
it  has  the  form  of  a  long  tube  in  which  the  various  regions  are 
continuous  and  only  slightly  distinguished  from  each  other  in  form. 
The  fine  inner  end  of  the  tube  produces  the  rq>roductive  cells, 
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eggs  or  sperm.  In  the  female  the  fully  developed  eggs  are  pushed 
into  a  slightly  larger  region  in  which  fertilization  takes  place. 
Sometimes  the  fertilized  eggs  are  provided  with  a  heavy  shell  and 
are  soon  ejected  to  carry  out  their  development  in  the  outer  world. 
In  other  cases  they  are  retained  in  a  sac-like  uterus  until  devel- 
opment is  more  or  less  advanced.  In  certain  families  the  entire 
development  is  carried  out  within  the  uterus  and  the  female  brings 
forth  living  young.  The  organs  in  these  cases  differ  in  length 
and  capacity  rather  than  in  fundamental  structure. 

In  the  male  the  reproductive  system  consists  of  but  a  ^ngle 
tube,  emptying  as  already,  stated  into  the  cloaca,  whereas  the 
windings  of  the  tube  lie  in  the  body  in  front  of  this  region.  In 
the  female  the  tube  may  be  single  biit  is  most  frequently  double 
or  Y-shaped.  The  short  stem  of  the  Y  connects  with  the  female 
pore,  the  branches  extend  in  coils  into  the  body.  One  branch 
may  pass  anteriad  and  the  other  posteriad  or  both  may  lie  nearly 
parallel  in  the  same  part  of  the  body.  One  branch  may  be  greatly 
reduced  and  by  its  final  disappearance  give  to  the  system  the  form 
of  a  single  tube  such  as  is  found  in  the  male.  Various  intermediate 
stages  occur. 

In  connection  with  the  terminal  portion  of  the  male  duct  are 
usually  found  pieces  of  cuticula  shaped  like  hooks  or  needles,  and 
known  as  the  spicules.  There  may  be  only  one  spicule  or  if  two 
are  present  they  may  be  equal  or  unequal.  Finally  an  accessory 
piece  furnishes  in  some  species  a  link  or  groove  in  which  the  spicules 
proper  are  held  and  through  which  they  are  extruded.  These 
spicules  are  easily  seen  both  on  account  of  their  high  refractive 
index  and  because  in  many  preserved  specimens  they  project 
conspicuously  from  the  anal  opening.  In  transparent  forms  the 
student  may  detect  under  the  microscojie  the  spicule  sac,  dorsal 
to  the  intestine,  in  which  the  spicules  are  housed  and  also  special 
sets  of  muscles  by  which  they  are  operated.  The  number, 
length,  and  exact  shape  of  these  organs  serve  as  features  for  specific 
diagnoses. 

The  development  of  parasitic  nematodes  introduces  all  varia- 
tions from  extreme  simplicity  to  some  of  the  most  complex  life 
histories  known  among  animals.    The  early  development  is  simple. 
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Within  the  e^-sheli  is  formed  in  direct  fashion  a  minute  worm 
which  on  hatching  displays  the  main  features  of  nematode  struc- 
ture. This  embryo  may  require  weeks  or  months  for  its  growth 
and  may  wait  within  the  shell  for  years  before  it  is  passively  intro- 
duced into  a  new  host;  or  it  may  break  out  from  the  shell  and  spend 
a  period  in  moist  earth  or  water  awaitii^  the  time  when  in  one 
way  or  another  it  is  brought  into  a  suitable  host.  In  most  cases 
the  embryo  of  a  parasitic  nematode  spends  a  brief  period  at  least 
as  a  free-living  larva,  and  always  in  an  aquatic  environment,  but 
this  may  be  semi-fiuid  mud  as  well  as  open  water.  Frequently  it 
undergoes  in  this  stage  or  earlier  the  first  of  the  four  character- 
istic molts  and  within  the  cast  cuticula  of  the  embryonic  form 
enters  upon  a  resting  stage  well  protected  against  drying  ouL 
In  this  condition  it  may  be  transported  by  wind  or  water,  or  at- 
tached to  other  objects,  even  such  living  agents  as  the  feet  of 
reptiles,  birds,  or  mammals,  and  thus  be  carried  far  in  attaining 
the  location  where  by  some  chance  it  is  introduced  into  the  body 
of  a  new  host.  When  this  new  host  is  reached  it  may  be  the  same 
as  the  original  host  in  which  case  further  molts  bring  the  worm  in 
a  short  time  to  the  adult  condition.  In  other  instances  the  larva 
reaches  an  intermediate  host  in  which  it  becomes  encysted  in 
muscles  or  viscera  and  after  a  period  of  growth  is  ready  for  transfer 
to  the  final  host.  This  change  involves  the  consumption  of  the 
flesh  with  the  encysted  larva  by  a  suitable  final  host,  whereupon 
digestion  sets  the  worm  free,  the  active  development  is  resumed, 
and  the  adult  form  reached  after  a  period  of  growth. 

Most  often  the  larval  parasite  is  taken  into  a  new  host  with 
water  or  food.  In  some  cases  the  free-living  larva  does  not 
depend  on  chance  to  carry  it  but  gains  entrance  by  its  own  activ- 
ity. Thtis  the  hookworm  larva,  living  in  moist  earth,  when  brought 
suitably  in  contact  with  the  skin  of  an  available  host  biurows  into 
it  and  completes  its  life  history  durii^  its  devious  wanderings  in 
that  host 

As  an  illustration  of  the  life  history  of  a  typical  aquatic  ^>edes 
may  be  taken  the  development  of  CamaUanus  lacuslris,  formerly 
often  designated  CucuUanus  degans.  This  development  was  woAed 
out  and  described  by  Leuckart  somewhat  as  follows: 
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The  female  is  viviparous  and  produces  myriads  of  young.  The 
larva  at  birth  (Fig.  814,  a)  has  an  awl-shaped  tail  equal  to  one-Uiird 
the  total  length;  no  trace  of  the  adult  lips  are  seen;  the  esophagus 
is  simple,  as  also  the  intestine,  and  a  single  cell  is  the  only  trace  of 
genital  organs  present.    A  boring  ^ine  lies  dorsal  to  the  mouth. 


Fifi.  B14.  DcvcLopment  of  CamaUomu  tatMstrii;  a,  yaaagat  itage  of  lirvi;  b.  secoibd  AMge  fnm  body 
ci*HyoC  Cyciofia;  f .  at  end  □!  KCDDd  bUsc  &bowuig  jmm  lonniiig;  d.  tkiidata^  iriUi  Lirvil  jawi  complrtc 
UicDificd.    (Atler  Leuckut.) 

The  larva  soon  gains  entrance  to  a  small  aquatic  animal  {e.g., 
Cyclops)  through  the  mouth  and  bores  its  way  into  the  body 
cavity  where  the  first  molt  occurs.  After  this  the  worm  (A)  has 
grown  in  size,  lost  its  long  tail  in  part  and  acquired  a  bipartite 
esophagus.  A  period  of  growth  follows  towards  the  close  of  which 
the  lips  of  the  adult  are  laid  down  (c)  and  the  second  molt  dis- 
closes an  oral  armature  (d)  which  though  smaller  and  differently 
marked  than  that  of  the  mature  worm,  yet  displays  its  likeness 
even  to  the  beginning  of  the  dorsal  and  ventral  labial  tridents  so 
conspicuous  in  the  adult  Camallanus.  The  genital  area  is  still  in- 
significant and  the  tail  carries  three  small  spines  near  the  tip  which 
survive  in  the  adult  female  only.  The  double  esophagus  is  fully 
differentiated  even  to  the  valve  cells  at  the  lower  end  and  the 
nerve  ring  is  well  developed. 

In  summer  these  changes  require  only  3  days  but  in  winter  they 
may  last  3  weeks.  No  further  change  ensues  until  the  parasites  are 
brought  into  the  alimentary  canal  of  a  suitable  fish  host.  Here 
set  free  from  the  larval  host  by  digestion,  the  worm  grows  rapidly 
to  I  mm.  in  length,  molts  and  assumes  the  sexually  differentiated 
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form  of  the  adult.    Ten  to  fourteen  days  after  introduction  into  a 
fish  the  young  worms  have  become  fully  matured  and  pair. 

In  most  cases  the  larval  CamaUanus  is  introduced  directly  into 
the  final  host  from  the  &rst  intermediate  host,  but  in  others  en- 
c^tment  in  a  second  intermediate  host  beosmes  an  enforced  pre- 
liminary to  the  attainment  of  the  final  host.  This  takes  place 
when  the  intermediate  host  is  eaten  by  some  species  other  than 
the  final  host;  the  larva  is  set  free  by  digestion  but  immediately 
encysts  again,  usually  in  the  intestinal  wall.  Such  erratic  encysted 
larvae  occur  in  a  wide  variety  of  unusual  hosts  (Seurat), 

Too  many  complications  enter  into  individual  cases  to  be  dis- 
cussed in  detail  here.  It  is  necessary  to  mention  briefly,  however, 
one  type  of  life  history  of  a  different  character.  Among  the 
Filartidae,  the  adult  is  parasitic  in  the  connective  tissues  or  body 
cavity  of  the  host  and  is  viviparous.  The  embryos  are  produced 
in  enormous  numbers  and  invade  the  blood  stream  from  which 
they  are  drawn  out  by  biting  insects  such  as  the  mosquito.  After 
a  period  of  development  in  the  mosquito  they  escape  into  the  final 
host  when  the  insect  is  biting  again,  and  now  are  ready  to  develop 
into  the  adult  parasite.  In  this  case  no  part  of  the  life-history  is 
spent  in  the  outer  world  and  the  only  link  which  connects  the  life- 
history  to  aquatic  biology  b  the  intermediate  host  which  may  he, 
like  the  mosquito,  a  typical  aquatic  organism  in  early  life. 

The  nematode  life  histories  which  have  been  partly  worked  out 
are  mostly  those  of  the  parasites  of  man  and  the  domestic  animals. 
Abnost  nothing  is  known  of  the  development  of  parasites  from 
characteristic  aquatic  hosts  and  the  field  ofliers  enticing  oppor- 
tunities to  the  student. 

Concerning  other  phases  in  the  biology  of  parasitic  nematodes 
little  or  nothing  has  been  ascertained.  Observations  are  too 
scanty  to  furnish  data  on  their  length  of  life,  on  seasonal  variation, 
or  on  factors  that  influence  their  frequency.  Their  distribution 
evidently  cannot  transcend  that  of  the  hosts  and  in  many  cases 
falls  far  short  of  conforming  to  that,  but  the  conditions  which 
affect  such  variations  are  beyond  safe  conjecture. 

No  satisfactory  outline  for  the  classification  of  parasitic  nema- 
todes has  yet  been  worked  out  and  the  very  unperfect  knowledge 
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of  North  American  forms  makes  it  impossible  lo  do  more  than 
group  the  few  records  available  into  an  arbitrary  key.  A  natural 
classificatioD  lies  far  in  the  future  and  collecting  in  any  region  will 
surely  result  in  extending  greatly  the  list  of  species  included  in  the 
subjoined  key.  Parasites  from  terrestrial  hosts  have  not  been 
included  in  the  synopsis;  doubtless  many  of  them  depend  upon 
water  for  their  transfer  during  a  free-living  stage  from  one  host  to 
another  and  some  of  them  may  even  utilize  aquatic  species  as  in- 
termediate hosts,  just  as  the  guinea  worm  larva  occurs  in  a  fresh- 
water copepod  and  reaches  the  human  host  in  drinking  water. 
The  nematode  parasites  of  fishes,  amphibians,  and  aquatic  species 
among  reptiles,  birds,  and  mammals  may  safely  be  assigned  to  the 
fresh-water  fauna.  They  are  included  here  so  far  as  described  from 
North  America. 

Undoubtedly  the  larvae  of  the  hookworms  {Ancytostoma  duode- 
nale  and  Necator  americanus  of  man;  Uncinaria  sienocepkala  of 
the  dog),  of  the  parasite  of  Cochin  China  diarrhoea  (Strongyloides 
siercoTolis),  and  of  many  other  parasites  which  occur  in  North 
America  are  aquatic  organisms  and  live  for  considerable  periods 
in  pools  of  water  or  in  moist  earth,  awaiting  an  opportunity  to 
gain  entrance  into  a  suitable  host.  Yet  as  immature  forms  they 
can  be  differentiated  with  great  difficulty  if  at  all,  and  do  not  show 
the  structural  features  that  characterize  the  adults  to  which  they 
belong.  Hence  they  are  only  noted  collectively  in  the  subjoined 
key.  The  adults  which  parasitize  land  animals  are  not  included 
in  the  list. 

KEY  TO  NORTH  AMERICAN  PARASITIC   NEMATODA 
I  (4)     Immature.     SexuaJ  organs  only  partly  developed,  if  at  all. 

Agamonema  Diesing  1851   .    .     2 

A  collective  name  for  the  group  of  imperfect,  larval  nematodes  not  yet  developed  so  that 
the  woimi  can  be  deCnitely  clas^fied.  Many  such  forms  occur  encysted  in  fish,  and  the  group 
was  originaUy  proposed  to  huld  fish  parasites.  Now  it  is  used  to  include  all  agamic  Denia- 
todes  that  cannot  be  referred  to  a  more  definile  ([roup.  The  rudiment  of  the  sexual  organs 
can  usually  t>e  seen  as  a  large  cell  or  a  discrete  mass  of  a  few  cells,  lying  near  the  center  01  the 
worm.  In  older  individuals  this  seiual  rudiment  has  begun  to  grow  out  into  a  long  cord  of 
cells  which  marks  the  place  of  the  future  reproductive  system.  In  these  forms  the  lips,  p<i[ril- 
lae.  and  other  features  of  sp«dal  adult  structure  are  wanting  or  only  genenlty  and  indefinitely 
laid  down.  Sometimes  distinct  characters,  such  as  the  three  hps  of  the  Ascaridae  which  arc, 
nowever,  easily  confused  with  similar  conditions  in  other  groups,  may  enable  one  to  assign 
these  immature  forms  to  a  definite  family,  subfamily,  or  genus,  and  other  oollective  names 
are  then  applied  to  such  forms,  <.;.,  AgamamermU.  These  larvai  forms  are  very  similar  and 
ate  apt  to  be  confused  because  of  thai  general  resemblances. 
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a  (3)     Free-living  in  moist  earth  or  water.     Many  embryonic  and  larval 
stages  of  paiasitic  nematodes. 

Not  distinguishable  from  free-living  Qeinatodes  eicept  by  euct  data  concerning  spedGc 
fonns  wluch  are  available  only  in  a  few  cases.  Such  art  the  larvae  ol  the  human  hootwoims 
lAncybslOma  iuedenaU  or  t/ecaler  amerkania),  of  Slronrylaidts  slercaralit,  known  to  be  present 
ienerally  in  infected  areas.  They  depend  for  their  development  upon  the  opportunity  of 
enterins  a  new  human  host, 

3  (i)     Encysted  in  the  viscera  or  flesh  of  various  fishes. 

Aganumema  capsularia  (Rudolph!)  1801. 

Tht  name  covers  what  is  pTobabh|  a  wide  variety  of  different  spedes  from  different  sources. 

""*-■■- ns  under  this  name  are  listed  from  migiatory  fishes,  and  these  are  very  likely  '~ 

encysted  larvae  of  marine  adults;   and  also  from  fresh-water  Sslies  in  which  ci 


Thus  worms  under  this  name  are  listed  from  migiatory  fishes,  and  these  are  very  likely  to 
rqiresent  encysted  larvae  of  marine  adults;  and  also  from  fresh-water  Sslies  in  which  case 
iKy  are  doubtless  of  fresh-water  origin.    The  descriptions  of  these  fonns  are  brief,  general. 


inadequate  to  differentiate  larval  forms  of  diffen 

Among  the  other  species  recorded  from  North  America  are: 

Agamimema  papiUiterum,  a  amgle  ^ledmen  of  which  was  found  by  Leidy  in  Philaddphia, 
in  the  body  cavity  of  a  pike.     Later  r^arded  by  Urn  as  young  PUoria  s^ilaria. 

Agamonema  Return  from  the  white  nsh,  listed  by  Stiles  and  Hossall  in  the  ooUection  ol  the 
Anny  Medical  Museum. 

Such  forms  may  be  Found  in  other  hosts  than  fishes  like  the  embryos  recorded  by  Lddy  as: 

Ncmaioideum  inlegumaiti  iHmbriculi  limoii,  eniTited  in  the  skin  of  a  mud-iobabituiB  annelid. 

4(1)  Mature.    Sexual  organs  developed;  worms  active,  not  encysted.  .   .     5 

Most  adults  ore  easily  reajgniied  as  the  «gs  can  be  aeen  b  the  female  and  the  sperm  masa 

in  the  male.    The  open  sexual  pore  in  the  female  and  the  spicules  in  the  male  whoi  eiserted 


5  (6)     Small  transparent  nematodes;    in  general  appearance  identical  with 

free-living  forms.    Few  eggs  in  uterus. 

Hot  a  very  satisfactory  means  ot  separating  this  group  from  certua  apedes  id  the  subse- 
quent <Uvidons  which  approach  rather  closely  to  the  brief  descriptiaa  of  Che  key  line  atrave. 
In  case  of  doubt  t^fardrng  a  specimen  the  student  should  try  also  the  latter  alternative,  6  (5) 
<d  the  k^. 

These  forms  are  all  minute  Oess  than  j  to  6  mm.  long).  Furthermore  they  are  simple  in 
structure  and  not  easy  to  differentiate  from  free-living  spedes.  They  possess  a  double  esoph- 
ageal bulb  and  ventral  glands  often  in  lieu  of  lateral  eicretory  canals.  The  male  has  two 
similar  spicules  and  hi  some  cases  a  bursa.  The  female  sexual  pore  is  found  in  the  posterior 
half  of  the  body  and  the  uterus  contains  only  a  few  thin-shelled  eggs. 

One  family,  the  AnguilluUdae.  includes  the  vinegar  eel,  the  paste  eel,  various  pLint  para- 
sites of  some  economic  importance,  and  many  free-Uving  forms.  Hese  do  not  show  any  slter- 
oation  of  generations  in  the  life  history. 

Only  group  containing  animal  parasites. 

Family  Angiostomtoae  Braun  1895. 
Characterized  by  heterogony.    Otherwise  very  much  Uke  the  AnguiUulidae,  and  united 
to  them  by  many  authors.    Parasitic  generation  contains  no  males. 

Only  genus  recorded  for  North  America.   .    Angiasloma  Dujardin  1S45, 
Representative  spedes  in  North  America. 

Angioslcma  nigrateHOSum  (Goeze)  1800. 
In  Birfii  leHtigHvuia;  lung.    District  of  Columbia.    Listed  by  Stiles  and  Hassall  under  the 
name  JUaUoMeoM  nigmenasiHH  as  in  the  Bureau  of  Animal  Industry  Collection. 

6  (5)     Nematodes  larger  than  free-living  species;    almost  always  distinctly 

less  transparent  and  often  even  opaque.    Uterus  contains 

many  eggs 7 

The  unsatisfactory  character  of  the  key  at  this  point  has  already  been  noted.  The  nema- 
todes which  follow  are  usually  well  differentiated  parasites,  reeogniiable  by  one  or  another 


typical  structure  not  present  in  the  previous  group.    They  are,  however,  distmgiJshable  from 
the  latter  only  in  general  aspect  and  the  key  is  open  to  doubt  in  ■  f ( 
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7  (75)    Esophagus  prominent,  muscular,  with  triradiate  lumen. 

Suborder  H;oa]rringata  .  .    tt 
8(15)    Bursa  present  in  male  and  conspicuously  developed 9 

9  (14)     Male  with  broad  bursa  traversed  by  system  of  rays.     Buccal  cap- 

sule usually  well  developed  in  both  sexes. 

Superlamily  Strokgyloidea  Weinknd  1858  .   .     10 

With  the  spheriol  buccal  capsule  may  easily  be  coofused  the  bivalve  oral  armature  of 
•nue  of  the  Snrutoidea.  The  lotmer  presents  in  emu-section  an  unbroken  drde,  or  oval. 
The  latter  is  distinctly  composed  o(  two  jueces  intemipted  along  lines  of  dividon.  In  the 
lonner  the  mouth  opening  is  a  ring  that  may  be  dentate  or  serrate  but  is  still  complete;  in  the 
latter  the  mouth  opening  is  a  slit  having  at  opponte  points  two  deep  acute  angles.  A  buccal 
canule  is  wanting  !□  the  three  forms  described  here. 

The  bursa  in  the  strongyles  is  a  con^cuous  broad  flaring  organ,  supported  generally  by 
ui  paired  rays  and  one  unpaired  median  ray,  all  extending  outwaids  (rom  a  common  center 
much  like  the  ribs  of  an  umbrella. 

Only  a  voy  few  strongyles  have  been  reported  in  North  America  from  aquatic  hosts  and  these 
few  are  not  representative  of  the  majority  of  the  group  to  which  belong  the  hookworms  and 
other  well-known  and  abundant  parasites  of  land  animals.  The  three  spedes  cited  here  are  in 
truth  so  unLke  typical  strongyles  that  it  is  difficult  to  bring  them  into  the  key. 

Since  the  group  is  very  large  and  complei  and  only  tfiree  spedes  are  to  be  conmiered  here 
□o  efiort  has  been  made  to  outline  the  families  or  the  numerous  other  subdivisions.  The 
key  is  merely  a  convenient  way  of  separating  these  few  species.  It  is  not  unhkely  that  other 
senera  are  represented  in  the  same  and  other  aquatic  hosts. 

10  (it)     Id  reptiles  and  amphibians.  .    .    .  Strongylus  auricularis  Zeder  lioo. 

No  buccal  capsule;   30  longitudinal  ridges  on  the  body.     S[Mcule3  bifid  or  trifid  at  the  distal 

Reported  by  Leidy  in  1856  from  the  intestine  of  Bufa  amtriauia  and  CistuJo  carolaia  in 
Philadelphia.  No  other  data  accompany  the  record  so  that  it  cannot  be  verified  at  present. 
At  leut  two  species  are  included  in  European  records  under  this  name. 

Tbc  genus  Stroniylui  is  grouped  by  Rallhet  and  Henry  under  the  family  Strongylidae,  sub- 
family Stroogylinae,  tribe  Strooglyeae. 

Ransom  is  uncertain  as  to  the  genus  in  which  Zeder''fl  or  Sdmeider^s  iwccies  should  be  placed 
but  thinks  they  evidently  belong  in  the  family  Trichostrongylidae.  Probably  Leidy's  form 
will  fall  in  the  same  group. 

11  (10)     In  mammals 12 

13  (13)    From  frontal  sinus  of  aquatic  carnivore. 

Fiiaroides  van  Beneden  1858. 
Rallliet  and  Hcniy  include  this  genus  in  the  subfamily  Metastrongylinae. 

Only  spedea  known     .    .      Fiiaroides  musUUirum  van  Beneden  1858. 
No  description  of  (he  North  American  (otra  has  been  given  as  yet.    Identified  as  European 
spedes  from  host  and  effect. 

In  frontal  sinuses  o(  various  Mustelidae:  skunk,  weasel,  mink,  and  otter,  from  Qortheastem 
tSorth  America.    Produces  large  asymmetrical  postorbital  swelliiigs. 

13  (i  2)     From  intestine  of  aquatic  rodent. 

Trichostrongylits  fiberius  Barker  and  Noyes  1915. 

Capsule  absent  in  both  seies.  Male  1.8  nun.  long.  0.013 
to  0.09  mm.  broad.  Bursa  with  broad  lateral  lobes  and 
narrow  dorsal  lobe.     Spicules  short  and  heavy. 

FemJe  4.7  mm.  long,  0.03  to  0.135  ""H-  broad.  Vulva 
near  posterior  end.  Eggs  oval.  0.059  by  0,036  mm.,  shell 
thick. 

Intestine  of  muskrat.     Nebraska. 

The  genus  Tridiaslrime^ui  is  type  of  the  subfamily  Tri- 
chostrongylinae. 

.   Xiio. 
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14  Cg)    Male  with  be!l-3haped  bursa  endrcling  posterior  aid;  no  supporting 
ribs  in  bursa.    No  buccal  capsule. 

Family  Dioctophyiodae  RailUet  1915. 


Only  genus  parasitic  in  North  American  aquatic  hosts. 

DuKiopkyme  Collet-Meygret  i8oz. 

erior  end  imarmed;  mouth  svuroundt)!  bf  fix  paiullae. 

Only  species  known Dioctopkyme  rmaU  (Goeiie)  1782. 

Color  blood  led;  di  drcumoral  papiUae  and  150  tioag  ktcrsl  line*. 
Male  up  to  40  cm,  long,  410  ^  mm.  broad.  Anus  tenmoal,  surrounded 
by  circular  bursa  without  ribs.  Spicule  5  to  6  mm.  lon^.  Female  up 
to  I  m.  long,  and  umm.  broad.  Anus crescentic.  terminal.  Sexpoie 
only  so  to  70  mm.  from  anterior  tip.  Uterus  single.  Eggs  oval;  shell 
brown,  very  thict,  deeply  pilled  except  at  poles. 

In  pelvis  of  kidney  of  seal,  otter,  dog,  wolf,  etc.  Rare  in  man. 
Reported  from  mink  and  dog  in  Pennsylvania  by  Leidy.  Found  in 
dogs  at  Chicago,  Illinois.     Intermediate  host  probably  a  fish. 

The  giant  among  nematodes;  a  dangerous  and  little-known  parasite. 

Another  form  which  may  belong  here  was  collected  in  Florida  by 
Wyman  from  the  water-turkey  01  snake-biid  and  described  as  "nearly 
if  not  identical  with  Euitrmgytm  papiBosui  DieMng  in  Pldiu  onMngs 
i^"**?*;  fromBraal."  The  Hiedes  last  mentioned  was  included  in  the  genua 
female  X 1  (MlaRsS  ^J?*"'*"  ^  Molin,  but  as  the  identification  of  Wyman  was  not  final 
ud  Cluiadfer.)  ^^  >'  ''  impossible  to  enter  Hyslrithis  papillosia  definitely  among  North 
Amerioui  spedes. 

»S  (8)    Bursa  absent  or  weakly  developed  in  male.    True  buccal  capsule 
wanting i6 

Compue  the  discuaaion  under  9  {14)  in  this  key.  The  caudal  alae,  often  but  incorrectly 
called  a  bursa,  when  present  consist  of  k>ng,  narrow  wings  not  projecting  cons{ricuously  from 
the  body  but  parallel  to  it  and  not  supported  by  radiating  ribs,  but  having  at  most  a  series 
of  ouuds  at  right  angles  to  the  body. 

16  (51)     Very  long,  slender  forms,  with  or  without  lips 17 

17  (36)     Esophagus  slender,  simple,  no  bulb. 

Supcrfamily  Filarioidea  Weinland  1858  .  .  18 
The  Ulterior  end  is  usually  plain  and  no  lips  are  preKut  though  in  some  cues  >  few  minute 
oral  papillae  can  be  rMogniied.  The  esophagus  has  01 '  '  '  ' 
of  tu  male  is  rolled  into  a  close  ^ral  of  two  or  more  1 
the  forms  are  usually  ovovivjparous.  The  group  as  now  concdved  is  much  more  sbuply  hm- 
Iled  than  formerly. 

18  (19)    Anus  wanting  in  adult;  vulva  lacking  in  adidt  female. 

Family  Dracunculidae  Leiper  igia. 
The  famoua  gutnea^worm  of  man  known  since  andent  times  belongs  in  this  group.  After 
fanpregnatirai  toe  sexual  pore  disappears  and  no  trace  ol  it  has  been  found  in  the  adult.  The 
females  grow  to  a  relatively  enormous  sze  coinddent  with  the  development  of  great  numbers 
of  minute  embryos  which  fill  the  uterus.  The  larvae  devekip  in  aquatic  organisms,  prob- 
ih(y  Copepoda,  Oatracoda,  etc. 

Only  North  American  genus fcktkyonema  T)ie^giS6i. 

Mouth  surniunded  by  four  low  papillae.  No  buccal  cavity.  Esophagus  funnel-sh^ied  at 
origin.  One  esophageal  gland  with  large  nucleus.  Polymvsrian.  Uterus  broad,  traversing 
entire  body,  witb  alwrt  ovaiy  at  each  end.    Embiyoa  devekip  in  uterus.    No  anus,  vulva,  or 
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vi{[m>  pttacnt  in  idult.    Mile  mucb  mnalltr  than  female;   with  two  qxculei  and  taxaaory 
piece.    Females  paraatic  in  body  cavity  ot  Teleoitd. 

Single  North  American  species  recorded. 

Ichtkyonema  cyltndraceum  Ward  and  Magath. 

Mak  unknown,  probably  minute.  MbIutc  female  loo  mm.  long,  ol  neuly  equal  diameter 
(0.4S  mm.)  everywhere.  Delicate.  semi-CranspareDt.  and  very  fragile  owing  to  thin  body 
wall.  Lateral  lines  broad,  light  cobred,  conspicuou:.  No  lips  or  papillae.  Ewphacui  1.09 
mm.  tang.  o.o6G  mm.  in  diameter.  Vulva  and  vagina  atrophied,  no  vestiges  diacern&ble. 
Female  impregnated ;  uterus  crowded  with  undeveloped  ova  almost  K>herical,  44  «i  in  diameter. 

ivityofPercajfonutnu;   LakeSt.  CUir. 


Ward  and  UagaUL) 


19  (18)     Anus  present  in  adult;  vulva  persistent  in  female. 

Family  Filasiidae  Claus  1885. 

A  large  groap  not  well  known  and  imperfectly  subdivided  into  a  number  of  subfamilies, 
leaving  many  other  forms  still  unplaced.  Most  of  the  spedea  aie  cotmective  tissue  pansiles 
and  the  nuiiorily  inhabit  temstrial  hosts. 

Forms  that  have  not  been  described  from  this  family  exist  In  North  American  aquatic  boets. 
Those  recorded  are  few  in  number  and  imperfectly  known.  The  following  cla^Gcation  is 
purely  temporary.  The  genus  Piiaria  has  been  used  as  a  convenient  receptwie  tor  all  slender 
roundwofms  that  did  not  show  conspicuous  features  of  external  anatomy  adequate  to  place 
them  definitely  elsewhere.  Unless  the  proper  location  of  a  species  could  be  determined  clearly 
it  has  been  left  under  this  general  heading  even  though  its  original  location  in  this  genus  appors 
to  have  been  an  error. 

Type  genus FitowO.  F.  Mdller  1787  .   .     20 

Among  the  fonns  recorded  as  "Piiaria"  are  some  that  have  no  usable  description  or  in  a 
few  cases  none  at  all  and  must  be  recogniied,  if  at  all,  by  their  host,  habit,  or  geogruthic 
location.  Such  are  "Filaria  ordeonMn"  Stiles  and  Hassoll  1894,  cited  from  Ardea  kerodiai, 
b  Lddy  Collection. 

Filana  amjihiuinae  Lddy  1856  encysted  in  the  stomach  wall  of  Amfkiuiiia  meatu;  aloohcdic 
spedmena  in  Philadelphia. 

Filaria  ciitadinii  Leldy  iSjS  from  the  heart  of  dstada  caratina,  Permsylvania. 

Piiaria  spec.  Leidy  1882,  a  red  worm  from  the  musculature  and  peritoneum  of  the  black  basa. 

Filaria  nitOa  Leidy  1856  from  Ratta  pipietu;  later  from  fish  and  reptiles.  "Probably 
young  of  F.  joitfano."     (Two  spedes  ?) 

10(25)    Anterior  end  without  lips ai 

21  (22}    Anterior  tip  lacks  botl)  lips  and  papillae. 

Filaria  wymani  Lddy  18B2. 

No  lips  or  papillae.  Female  65  by  0.5  mm.,  sexual  pore  near  center  (?);  viviparous.  Eggs 
o.oi  mm.  long;    embryos  o.ij  mm,     Male  half  as  large,  with  coiled  caudal  end;   one  qiicule. 

Coiled  on  iHick  of  cerebrum  of  Ploha  anUnga  in  FloHda.  Males  cam  than  females.  Prob- 
ably not  Pdtcitus  IFilafia)  kcUctnHi  (MoHn  1S60)  with  which  Leidy  later  identified  it. 

22  (21)     Anterior  tip  with  minute  papillae 33 

33  (24)     Oral  papillae  in  two  series  of  4  to  6  each. 

Filaria  sciilaria  Leidy  1856. 

Body  cylindrical,  rose-red  with  more  deeply  tinged  extremities.  Length  up  to  iso  mm., 
bceadtli  I  mm.  Slightly  narrower  towards  both  ends.  Tail  obtuse;  anus  terminal,  trans- 
verse, with  prominent  lip.    Esophagus  tortuous,  one-siith  length  of  body. 

Beneath  dor^l  skin  of  Rana  pipims:  also  in  muscles  of  ilHgiiitla  ckrytypa  in  Delaware 
Sivec.  In  peritoneum  of  Ckdonura  serpentina,  Emyi  strrata,  and  Esbs  rdiculatus.  Moat 
frequent  durmg  winter  and  qiriiig.     Kailliet  thinks  two  apedes  are  involved. 
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H  (23)    Only  two  small  conical  papillae  near  mouth. 

PUaria  pkysaiwa  Branser  1811. 

Liviog  wonn  latA.  with  browD  intestine  and  white  uteri  prominent.  Female  30  to  45  on. 
\oag,  1  to  1.5  mm.  broad.  Head  obtuse.  Moutli  with  two  small  oinical  puilUe.  Mala 
35  mm.  long,  0.615  mni.  broad;  tail  curved  with  short  guiaquecostate  alae  wliich  are  0.35 
mm,  long.    Spicule  recurved. 

In  abdomea  of  kingfisher;  Pennaylvaiua.    "Determioation  not  positive"  (Leidy). 

25  (10)  Anterior  end  provided  with  two  lips.  Each  tip  carries  two  blunt 
books FUaria  cingula  von  Linstow  1901. 

Length  15  to  IS  cm.,  diameter  o,s3  mni.  Anterior  end  bluntly  rounded ;  doraal  and  ventral, 
triangular  Ups  with  two  blunt  hooks  in  each.  Cuticula  embossed  with  low,  rounded  trans- 
verse ridges  on  dorsd  and  ventral  Burfacn.  Pharyni  narrow,  0,375  mm.  long,  with  bulbous 
enlargement  at  end.  Esophagus  triangular,  15  by  0.13  nun.  Lateral  fields  broad.  Two 
ovaries.    Vulva?    Embryos  0.33  by  0,014  mm.    Viviparous, 

In  skin  oF  Crypiobranekus  oiUglimiitKis;  Otuo  river.  Identification  with  'ran  Linttow'a 
meager  description  ui 


26  (17)     Esophagus  with  two  separate  regions,  more  or  less  difFerentiated. 

Superfamily  Spiruroidea  Railliet  and  Henry  1915    .  .     37 

The  mouth  has  two  lips,  or  is  without  any.  Esophagus  with  partition  dividing  it  into  two 
regions  which  may  be  differentiated  as  anterior  muscular  and  posterior  gianulu  region,  and 
may  be  much  aUke  in  appearance. 

Hale  with  lateral  alae  near  posterior  end  of  body.  Alae  in  general  long,  not  much  if  any 
wider  than  body,  without  ribs  or  radiate,  branching  supports. 

Moat  of  these  forma  were  previously  included  with  the  Filarioidea  from  which  they  are  mo«t 
easily  distinguished  by  the  double  esophagus. 

37  (41)    Anterior  end  simple,  without  prominent  lateral  valve-like  lips.  .     28 

38  (41)    Tail  in  female  simple,  not  modified  in  the  form  of  a  sucker-like 

structure 29 

3g  (40)    Male  with  preanal  papillae  and  without  ventral  ridges 30 

30  (37)    Preanal  papillae  in  male  single  not  stalked  and  pw'ed,  also  few  in 
number Family  Spiruridae  Oerley  1885  .    .     31 

There  are  aeveral  subfamilies  which  contldn  numerous  pacadtes  of  terrestrial  bolts. 


31  (34)    Anterior  end  plain,  unomamented  by  external  riches  or  frills. 
Subfamily  Spirhrinae  RulUet  1915  . 
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33  (33)    Mouth  without  lips.    Male  without  caudal  alae. 

Haplonema  Ward  and  Magath. 

Anterior  end  flexed  or  coiled,  provided  with  latenl  alae. 

EsopbiKUB  Diuiculu',  without  bulb,  divided  into  two  regions  by 
pirtitlon  near  cenler.  PoMerior  end  of  mole  without  buna,  with 
two  pairs  of  preaoal  papillae  and  three  pairs  of  poslonalfl. 
Spicules  two,  equal.  Vulva  near  center  of  body;  ovary  double, 
laid  in  tiansvene  loops  orxr  ulterior  and  poatetior  ends.    Ovipar- 

Only  North  American  ^>«des. 

Eaplonema  immutatum  Waid  and  Magath. 
Body  moderately  robust.    Males  10  mm.  loog,  0.1  mm.  broadi 
femaloi  15  nun.  long,  0.31  nun.  broad.     No  lips  present;    three 
te  oral  papillae.    Esophagus  divided  about  equBll>^;  anterior 


KerioT  regions  not  distinctly  differentiated.     S[»cules  0.15 
_.  0.01  nun.  broad,  flat,  ribbon-shaped.     "Eggi  65  by  45  it 
;ly    Ihicli.    unoath   shell.       Vulva   five-eighths   0 


n.  broad,  flat,  ribbon-shaped. 

,    Ih'  ■  

Fic.SitA.  Bafhmma  im-   length  from  anterior 


Antenor  end  (boH-        From  intesdne  of  Ambt  caha;  Lake  St.  Clair,  Ukhigao,  and 

S^.i5^SS.£r'  F«in>ort,lowa. 

33  (33)     Mouth  with   well-developed  lips.    Male  with  caudal  alae  joined 
anteriorly  across  ventral  surface  of  body. 

Physaloptera  Rudolphi  1819. 

Mouth  elongated  doraoventrally;  bounded  hy  a  Uteral,  thick  lips  each  (xirylng  a  toothed 
process  and  1  broad  submedian  papillae.  Caudal  end  of  male  with  lateral  alae  and  10  pairs 
of  papillae,  of  woich  4  are  stalked  and  in  e>ch  olo,  whereas  6  are  ses^le  and  on  body.  Spicules 
1,  unlike.    Vulva  in  anterior  re^oa.    Eggs  very  thick-shelled, 

Spedes  reported  in  North  America  but  not  adequately  known. 


34  (31)     Anterior  end  with  sinuous  cuticular  thickening  or  cervical  frill. 

Subfamily  Acdariinae  Railliet,  Henry,  and  SisoS  1913. 

Anterior  end  provided  with  bands,  epaulets,  or  similar  ornaments.  Mouth  with  two  nmple 
lateral  lips,  pharynx  and  esophagus  differentiated  into  two  distinct  regions.  Caudal  end  of 
mole  with  lateral  alae;  four  pairs  of  preanal  painUae:  postanals  variable.  Eggs  with  thidc 
shell,  containing  embryos  when  deposited. 

Indigestive  tract  of  bird*.     A  numerous  mod  varied  group. 


The  cervical  frill  consists  of  two  or  foul  slniple  or  compter  loops  draped  from  the  tip  of  the 
head  back  over  the  anterior  region  of  the  body.  Vulva  in  posterior  region.  Two  unequal 
spicules.    In  esophagus,  crop,  or  giziard  of  Ulds.    Often  called  Diipkarapu  in  records. 

35(36)    With  trifid  cervical  papilla.   .   .     Acuana  Iriaenucha  (^flight)  tSjg. 

Male  unlmown.    Female  10  mm.  long,  0.43  mm.  broad.    With  cervical  friU; 
lateral  loops  0.1S  mm.  from  anterior  end  at  top  and  extend  0.405  mm.  postoiad. 
Cervical  papilla  a  trident  s(ane,  at  base  0.06  nun.  from  end  of  frill,  and  oxA 
•■    -      ""sa  aj  by  i8>i. 

taken  from  gizurd  of  Betauna  minor  in  Canada  by  R.  Wright 
^  Fiiaria  triaenudut. 

Fm.  Sig.    Aauria  IriMwcti.    Cnvicil  papilla.     X  >u.    (After  Wright.) 
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36  C35)    No  trifid  cervical  pafMlla  present. 

Acuaria  ardeae  (A.  J.  Smith)  1908. 

Hale  imknown.  Femak  i?  by  0.7  mm.  Two  UteiHl  lips,  each  with  double  papjlke.  From 
baK  of  eadi  lv>  two  piomuient  submedian  ridges  on  surface  eilend  posteriad  nearly  to  center  of 
body,  then  dorsad  and  ventiad  respectively  to  j<Mn  ^milar  lines  on  opposite  side.  EaopbajniS 
I  mm.  long,  in  two  sections:  anterior  narrow  resion  0.8  by  oj>s  to  0.09  mm,,  posterior  wider 
region  i.i  by  0.1  mm.  Anus  0.3=  from  tip  of  tail  which  is  bent  Mrongly  dorsad.  Vulva  near 
(enter  of  body;  no  eggs  developed. 

In  Ardea  kerodiat.     Described  originally  as  Diip/aragiu  ardeae  by  A.  J.  Smith. 

37  (30)     Preanal  papillae  in  male  numerous,  grouped  in  pairs  and  stalked. 

Family  Thzlazhdae  Railliet  1916. 

d  of  two  distinct  regions.    Males  with  or  without  lalend  alae  in  caudal 

rrgKin.  wiui  a  unear  row  of  numerous  preanal  pMillae,  often  p  '     '  

numerous;    1  spcules,  almost  always  unequal.     7^—-' — ■'•'-  '- 

in  locatioa.    Oviparous  or  viviparous. 

Only  genus  in  North  American  aquatic  hosts. 

Cystidicola  Fischer  1797  .    .     38 
No  vaHd  record  eiista  lor  the  European  C.  Jarianis  in  North  America. 

38  (39)     In  air-bladder  of  salmonid  fishes. 

Cystidicola  sligmalura  (Leidy)  1886. 
Length:  male.  11  to  ts  auo.;  female,  10  to  40  mm.    Width:  male,  0.35  mm.;  female,  0.45 
mm.     Mouth  drcular  with  3  minute  lateral  teeth.     Buccal  capsule  tubular,  o.ia  to  0.14  mm. 
'        '  ir  r^ion  of  pharynx  o.j  to  0.6  mm.  by  0.054  mm.,  posterior  region  1.1  to  1.4 
mm.  by  ai  mm.    Male  with 
narrow  lateral   membranes  on 
caudal  end ;  s  pairs  of  angle 
postanal   papaBae,   g   pairs   of 
double  preanal  patriae.     Two 
unlike  spicules;   one  slendero.S 

_  _  ...,,,-        other  trowel-uiaped,  0.16  mm. 

FfCgio.    Cyihdiaia  Mtmattn,     Antenor  end  of  female.      X  8s.    Joni,  0.18  mm.  wide.      Female 

(After  Ward  and  Magath.)  ^^^^  ^„  ^^^  ^^^  o(  ^^ 

uterus  with  anterior  and  posterior  branches  both  well  developed  and  symmetrical.  Ova  thlo 
ahelled,  containing  developed  embryo  when  laid.  44  by  jj  u. 

tn  air-bladder  of  Great  Lakes  trout,  white  fisb,  and  lake  herring.  Lake  Erie,  Lake  St. 
Gair.  Lake  Michigan,  Lake  Ontario  (Lddy). 

In  half  or  more  of  Bsb  examined.  Reported  by  Wright  as  AncyracatUlua  cyitidicola  and  by 
Leidy  as  PSaria  itipnatura, 

39  (38)    In  heart  of  white  fish Cystidicola  serraia  (Wright)  1879. 

Length  1 1  mm.    With  several  smaD  teeth  around  anterior  end  instead  of  two  as  in  former 

•pedes.  Only  a  single  specimen  found  by  Ramsay  Wright  at  Toronto.  Perhaps  an  imma- 
ture spedmen,  either  migrating  in  blood  stream,  or  accidentally  introduced  into  this  peculiar 
location. 

40  (19)    Male  with  conspicuous  ventral  ridges  near  posterior  end;   preanal 

papillae  absent  or  inconspicuous.    Body  spinous. 

Spiniltctus  Foumient  1883. 
ept  at  eitieme  tip 

r HE  backward.   Thi 

several  parallel  series  of  rugosries  just  ai 

Representative  North  American  species. 

SpinHectus  gracUis  Ward  and  Mi^th. 

Mature  female  17  to  19  mm.  loiig,  0.T4  broad;  male  13  mm.  long,  oats  mm.  bload.    About 

130  row*  of  Bfiinea  with  40  to  50  in  each  row.    Anterior  tip  free  bom  ^inea  for  0.1a  mm.  in 
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female,  o.i  in  male.    Vulva  ooe-Iourth  total  length  from  dudal  tip.    Spiculn  two.  Urge, 
beftvy,  UDcqiud.    Ovs  41  by  34 11,  thick-mlled. 
In  intestine  of  black  trapi^  sheepahead,  tad  white  ban  M  Fuipmt,  Iowa.    Abundant. 


FM.g>t.    SHaUmm  tntilit.    Antok*  aid  ol  (enule.     X  i».    (After  Want  mud  M*«M>>-) 

41  (38)     Posterior  end  in  female  modified  to  fonn  a  sort  of  sucker  by  which 
the  parasite  is  attached  to  the  stomach  wall. 

Bedrwis  Nitzsch  1821. 

Head  with  4  Bpa:  1  lateral,  slender,  each  with  i  papillae;  1  median,  thinner,  overlanpinR 
laterals  almost  completely.  Vulva  aeai  anus.  Tail  of  female  modiSed  to  form  with  induded 
spine,  the  caudal  tip,  an  adheave  organ  or  sudter.  Eggs  elliptical,  with  lid-lite  areas  at  both 
p<Mnted  poles,  contain  developed  embryos.  Male  spirally  wound  around  female.  Tail  strongly 
compcewed  laterally:  6  pairs  pi>MaD<u  painllac,  i  pair  juat  prcanaJ.  Spicules  1,  similar,  very 
short,  a[^>arentty  grown  togetiier. 

Typespedes Hedmris  androphora  Nitzsch  1&21, 


Also  recorded Bedruris  siredonis  Baird  1858. 

CO."    Male 


43  (37)    Anterior  end  provided  with  heavy,  latere],  valve-shaped  lips.  .   .     43 

43  (48)  Lips  red  or  brown,  very  conspicuous.  Esophagus  with  two  well 
difierentiated,  distinctly  separated  regions.  No  preanal 
sucker  in  male. 

Family  Cajuixanidae  Railliet  and  Henry  1915  .   .    44 

Bod^  nearly  cylindriotl.  with  heavjy  oral  aimBture  having  the  appearance  of  a  bivalve  shell, 
which  IS  really  a  tblck,  lateral,  valvc-hke  lips  probably  functioning  as  Jaws  and  not  a  buccal  cap- 
suk.  Each  valve  marked  by  bngiludinal  ridges  terminating  at  the  inner  margin  of  the  mouth 
in  minute  teeth.  Mouth  an  elongated  oval;  inner  opening  of  oral  cavity  to  esophagus  round, 
endrclcd  by  heavy  basal  ring  of  chitin.  Several  (i  to  4)  heavy  chitinous  rods  diverge  fnnn 
common  center  at  each  side  of  capsule  along  sides  of  body  beneath  cuticula,  forming  a  fork 
or  "trident." 

Esophagus  bipartite,  anterior  region  muscular,  club-shaped;  posterior  dark,  granular  (g^and- 
ularf):  valve  to  intestine. 

Tail  of  male  surrounded  by  narrow,  poorly  developed  caudal  alae  with  stalked  papillae.  A 
single  spicule  with  accessory  piece  or  two  nearli^  equal  spicules.  Female  sexual  pore  towards 
center  of  body.     Vivipaiousi  embryos  develop  in  Crustacea  and  insect  larvae. 

Faiaaitic  in  alimentary  canal  of  fishes  and  reptiles. 

Single  genus  known C<im<i&niuRaiIliet  and  Henry  1915, 
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4  (45)     With  anterior  end  bent  ventrad. 

CamaUanus  ancylodtrus  Ward  and  Magath. 


Mature  female  35  mm.  long,  0.56  mm.  broad:  male  15  n 

mm.  broad.     Oral  armature  ui  female  0.141  to  o  •" •■ 

0.187  mm.  btoad;  in  male  0.116  mm.  long  by  o .. 

witbj  or  4  roots,  in  female  0,11  and  in  maleo.iSmm.  long.    Spicules  nearly 
equal.    Vulva  Ihree-fif Ihs  of  length  from  uitenor  end. 

In  iolestine  of  German  carp,     Fajrport,  Iowa. 


45  (44)     With  anterior  end  attenuated,  not  bent 46 

46  (47)    Vulva  one-third  total  length  from  anterioT  tip.    No  spines  on  caudal 

tip CamaUanus  oxycepkaius  Ward  and  Magath. 

Female  aleitderer  tlun  preceding  specif,  35  mm,  long,  0,17  mm.  broad,  itraight  thiougb 


47  (4^)     Vulva  behind  center  of  body.    Three  small  ^ines  on  caudal  tip  of 
female Camallanus  trispinosus  (Leidy)  1851. 

Moulb  large,  valves  with  g  radiating  lines  on  each  side  of  unstiiated  median  band,  making 
iS  rays  on  eacb  valve,  Male  6  nun.  lontt,  0,11  to  0,16  mm,  broad.  Anuso^S  mm.  from  caudal 
tip.  Two  siBCuks,  0,11  and  o-ii  mm,  long.  Female  11  mm,  long,  0.24  to  0.17  mm,  broad. 
Fust  esophagus  0,38  by  0.11  nun;  second  0,46  mm.  lont{.  Anus  OAia  mm.  from  caudal  tip 
winch  bears  three  minute  pinnts.    Vulva  with  prominent  lips. 

In  small  intestine  of  £n^  iiMata,  E.  nliadala,  B.  serpaUi,  Chtfyira  lerpatiiu.  Philadel- 
plua  CI>^dy). 


48  (43)    Ups  not  con^icuous;  esophageal  regions  similar  in  structure,  not 
sharply  separated    Male  with  preanal  sucker. 

Family  Cucin.LANiDAE  Stossich  1898  .    .     49 
o  lateral  valves  lecalliDK  those 
a|»ear  alike  in 


!,  short,  separated  only  bj 
equal  qncule*;  preaoal  sucker  with 

In  intestine  of  fishes. 
There  are  in  North  America 


caiKUil  alai 


Only  a  few  have  been  described 
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4g  (50)    With  anterior  end  bent  dorsad.    No  intestinal  cecum  present. 

CucuUanus  O.  F.  Miiller  1777. 
Anterior  md  Bend  doiud  60  to  90  degreet.    Siacukt  with  tixtaaory  piece.    Ovuy  double. 
Representative  species  in  North  America. 

CucuUanus  dildlarius  Ward  and  Magath. 
Body  uniform  in  diameter  except  for  clitetlsr-Uke  swelling  i  mm.  long,  and  1.5  mm.  from 
anterior  tip.  On  each  oral  margin  three  sm&ll  papillae.  Male  to  mm.  long  by  0.3S  mm. 
broad.  E9ophagu9  1.45  by  o.ii  to  0.31  mm.  Spicules  gouge-shaped,  1.61  by  0.035  mm.; 
accessory  piece  dagger-shaped,  0.06  by  0.015  mm. .  Two  small  preknol  papillae;  4  pain  of 
postanals.  Females  11  to  17  by  0.5  mm.  Esophagus  1,6  by  0.13  to  0.31  mm.  Vulva  two- 
thitds  of  length  from  anterior  end.  Uterus  and  ovuy  double.  Ova  6i  t^  46 11. 
In  intestine  of  lake  sturgeon;  Lake  St.  Clair. 

50  (49)     Anterior  end  straight;  well-developed  intestinal  cecum  prtKnt. 

Dacnitcides  Ward  and  Magath. 
Much  hke  CucaliaiMa  etoept  that  anterior  tip  is  not  fleied,  an  accessory 
piece  is  lacking  and  only  a  single  ovary  is  developed.    The  intestine  poa- 
lessea  a  prominoit  cecum  extmding  anteriad  to  the  nerve  ring- 

Representattve  species  in  North  America. 

Dacniloides  cotylophora  Ward  and  Magath. 

Male  4  to  6  mm.  long.  0.3  mm.  brood.  Each  lateral  valve  with  anterior 
Tnargi"'!  cuticular  thickening  bearing  3  papillae.  Esophagui  o.;  to  0.6  by 
o.oE  to  0.11  mm.  Boundary  between  esophageal  regions  at  nerve  ring. 
Spicules  0.89  by  o.oos  mm.  Caudal  papillae:  one  pair  on  anterior  margin 
of  sucker,  four  pairs  between  sucker  and  anui.  a  suigle  medial  pa[rilla  just 
in  front  of  anus  and  four  pairs  postanal. 

Female  4  to  j.s  mm.  long,  o.iS  mm.  broad.  Anus  0.14  from  posterior 
tip  with  4  slender  spines  midwB:^  between.  Vulva  one-dghth  of  total  length 
behind  center  of  body.  Posterior  uterine  branch  has  no  ovary.  Ova  65 
by  40»i. 

In  intestine  of  yellow  perch  and  wall-«yed  pike;  Lake  St.  Clair. 


Flo,  Siu.     L 
Wud  and  Uigatli'.' 

51(16)    Stout  bodied  fonna  with  conspicuous  h'ps 53 

Si  (55)    Two  heavy  lips.    Body  covered  on  anterior  region  at  least  with 
dentate  or  spinous  plates. 

Family  Gnathostohidae  Railliet  1893. 

Body  covered  in  whole  or  part  by  drclei  of  dentate  cuticular  plates.    Anterior  tip  enlaiged, 

provided  with  simple  i^nnes.  separated  by  nuchal  constriction.     Two    laige  fleshy  ups, 

Eaoj^iagus  large,  musculaE,     Vulva  behind  middle  of  body.     Two  equal  spicules.    No  biusa. 

In  male  two  pairs  of  preanal  papitlie  and  two  postanals. 

Type  genus Gnalhostoma  Owen  1836  .    .     S3 

Entile  body  or  anterior  end  covered  with  abundant  spines,  often  many  pointed.    Head 
separated  l«r  drcular  constriction,  with  circles  of  simple  s[Nnes,     Two  large.  Baby  lips.     Spic- 
ules 2,  unequal;   vulva  behind  center  of  body.     Male  mth  two  pairs  of  postanals. 
Two  species  reported  from  North  American. 

53  (S4)     Anterior  plates  palmate  with  eight  spines  each. 

Gnalhostoma  horridum  (Leidy)  t856. 

Female  66  mm.  long,  3  mm.  broad.     Male  unknown. 

Taken  from  stomach  of  Aliitalor  miisiisippientis  in  Georgia  and  originally  described  by 
Lddy  as  ChciracatitkHs  hurridui. 

54(53)     Anterior  plates  tridentate.     ,    ,    ,    Gnatkosloma  socuitt  (Leidy)  iB^S. 

Female  30  mm.  long,  i.s  mm.  broad,     Male  14  mm.  long,  i  mm.  bioad. 
Taken  from  slomach  of  mink  {Pulmui  vitim)  in  Fhilodelpbia  and  originally  described  by 
Lddy  as  Cheiracanllmi  nwiotii. 
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55  (5>)    Relatively  thick,  heavy-bodied  fonns.    Mouth  with  three  lips,  more 

or  less  conspicuous.    Always  oviparous.  ^ 

Superfamily  Ascaroidea  RaiUiet  and  Henry  1915  -   ■     5^ 

One  Urge  donal  tad  two  muU^  veoUal  lips,  right  and  Idt  of  medial  fine;  secondary  Bpt 

^uriMa,)  may  be  iotticalated.    Buccal  capsule  never  present.    Doraal  lip  bean  leguUny 

two  p«pil)u  and  ventral  lipa  one  each.    Lips  rarely  greatly  reduced  {or  abnent?). 

56  (68)     Polymyaiia.     Usually  arge  opaque  spedes. 57 

For  discussion  of  term  Polymyam  see  page  515. 

57  (67)     Lips  prominent.     No  ventral  sucker  in  male. 

Family  Ascasidae  Cobbold  1864  .   .     5S 
Male  usually  has  two  spicules.    Female  with  abruptly  conical  posterior  end. 

Type  genus Ascaris  Linnaeus  1758. 

No  triages  or  tentacles  on  the  tips.    A  large  and  cinnplex  group.    Diflerentiated  usually  on 


lis  which  are  so  inadequately 
their  rediscovery  and  turther 


imber  o(  forms  have 

described  that  their  exact  vstcmatic  poutioa  roust  depend  0 
study.     Such  are: 

Ascarii  lonca  Leidy  i8s6  of  which  a  angle  female  spectmen  was  taken  from  the  Intestine 
of  the  wood  ibis  in  Georgfa. 

Aitarii  pcnUa  Leidy  i386  from  the  intestine  of  the  terrapin. 

Atcarii  cyttudrtca  Leidy  1S49  from  Che  intestine  of  Helix  alltnuita  in  Pennsylvania. 

AKorii  aOcmlai  Leidy  1851  from  the  lungs  of  Rana  kaltcimi,  which  the  description  say* 
is  "not  Ascarii  nimvenasa  Zeder"  (-  Antiosloma  lUsravaiosiim  g.v.}. 

Aicaris  leimkalfii  Rudolphi  1S19,  from  the  stomach  and  intestine  of  AUigalor  mitniiippi- 
aisis  or  encysted  on  viscera..    Reported  frequently. 

Probably  most  of  these  do  not  belong  in  tne  genus  Ascani  in  the  strict  sense  and  very  Ukely 
not  in  the  family  of  the  Ascaridae  as  at  present  de&ned.  These  spedes  are  not  well  known 
and  often  delecmiiutions  have  evidently  been  based  on  general  factors  that  are  not  truly 
diagnostic 

58  X59)     Lips  relatively  small,  without  intermediate  lobes;  Hental  plates  with 
serrate  edges  on  inner  margins. 

Ascaris  lanceolaia  Molin  i860. 


TaUof  maj 


Male  16  to  i|  by  0.5  mm.;  female  i„.__^ _. 

Lips  much  like  those  ol  BeleroU].  Tail  of  male  with 
oval  groove  on  ventral  surface,  and  paiallel  longitudinal 
furrows  on  dorsum;  lateral  to  these  mereh'  cuticulai'  folds 
(weakly  developed  alae^.  Papillae:  about  la  preanal 
and  1 1  postanal  with  one  row  of  long  papillae  m  an  arc. 

In  stomach  of  AUigalor  misriiiippitnsis ,    Georgia. 
Pio.  814.     Aicariilamcalalt.    Docsid  lip,  inner  a^MCt     XSo. 

Ventral  view  of  tail  of  male.     Xfi.    i Afta voq  Dnsdia.) 

59  (58)    Lips  well  developed;  with  intermediate  lobes  or  interlabia.     .  .    60 

60  (64)    With  serrate  dental  plates  on  inner  border  of  lips. 61 

6r  (63,  63)    Tail  of  male  with  6  pairs  of  postanal  pt^iUae. 

Ascaris  sulcata  Rudo^hi  i8ig. 


Male 
Body  Bl 
very  large,  hi 


lexagona.,   

'ery  small.  TsU  of  male  with  6  postanal  patellae 
and  many  (±64)  preanala.  Bursa  broad.  Eggs 
irregularly  elliptical,  large. 

Reported  in  1SS7  by  Leidy  from  the  itomadi  ot 
terrapin.  Pennsylvania. 


Ascarii  nlcala.      tlond  view  of  tips,  aad  pQ»> 
end  d  male.    Magnified.    (Aflet  Su^l) 
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6a  C6i(  63)    Tail  of  male  with  4  pairs  of  postanal  papillae. 

Ascaris  ardeae  Smith  1908. 

Fnnalc   up  to   80  mm.  long  and  1.8  nun.  binad. 

Head  rounded  wilh  3  piominent  lips  and  well-marked 

inIerlHbii.     Superior  lip  wjib  finely  denticulate  anterior 

and  lateral  boEoets.    Tail  acutely  cooiod,  vulva  30  mm. 

■     Ova  0,10s  to  0,11  mm.bjFo.ogetoo.i  mm.; 

rked  by  thick-set  pits. 

ay  1.5  mm.      Spicules  double,  equal, 

.  long.   Tail  incurved,  bluntly  roundHl 

y  conical  tip.      Papillae:    2  pairs  otk 

paira  postanal  and  J  pairs  or  more 


Ghell  colorlMs 

Male  7>  mm. 
bTowuish,  1 ,3  mi 
with  small  acut 
conical  tip  also 


/®\ 


le  of  various  herons. 


Id  Ardea  litradiaj. 
....  Much  like  A .  lertetUiiIui  Rudokihi  reported  by  Leidv 

.,»  ™if£:  J^'^SiS^-JlII^'t!   fromsamehost.     Probably  Lddy'srecord  concemsthi. 

tt'i!."pr^)Sd";:;5irb.t.Su£s:  n''^:K?'=n'*-^"^"'"'^'".>f'^^HW- 

Voitnl  nuilaa  of  mis  tail,     (Note  rbe    J-  Smith  from  a  Europeao  crane  m  the  Philadelphia 
Kcmd  p^  of  papilUe  fron  tipoCtiilas    Zoological  Gardens. 
lUKCrtau.)  Magnified.  (Aftei  A.  J.  Smilli.) 

63  (61, 61)    Tail  of  male  with  3  pairs  of  postanal  papillae. 

Ascaris  microcepkala  Rudolph!  iSig. 

Male  15  to  45  mm.,  female  45  to  70  mm.  long.  Body  greatly 
attenuate  anteriorly.  Lips  quadTongulai,  with  anterior  margin 
concave  and  angles  projecting.  Interlabia  as  long  as  lips.  Cer- 
vical papillae  in  daiaal  and  ventral  lines.  Tall  of  male  obliquely 
truncated;  pe^wllae  small,  3  po5lanaland3i  preanal.     Ovajalqr 

In  crop,  esophagus,  stomach  and  in 
and  bittOD.    Ftorida  to  Canada. 
Fio.  Sit.     AhoHs  micriathala,     Dotia]  view  oi  head. 
(Alter  van  Linuow.) 

64  (60)    Without  serrate  labial  plates 65 

65  (66)    With  interlabia Ascaris  hdicina  Molin  iS6a 

Male  6  to  S  by  o.r  to  0.2  mm.;  female  13  to  tS  by  0.3 
to  I  mm.  Three  ioterlabia.  Lips  almost  quadrangular 
with  auricles  on  anterior  comers.  Tail  of  male  with  5 
postanal  and  4  large  lateral  preanal  papillae.      Vulva  an- 

rior,  or  abnost  in  center  of  body. 

In  stomach  of  Alligator  missimppimii. 

c.  SiS,    Amiru  Micina.     Dmsil  lip.  iniKr  upcd.     X  Ss. 
Tail  of  male.     X  Sj.    (Afler   von  DrucbcJ 

66  (65)     Neither  interlabia  nor  dental  plates  in  oral  armature. 

Ascaris  mucronata  Scbrank  1790. 

Length  53  mm,,  breadth  a.75  mm.  Body  much  attenuated  anteriorly.  Lateral  membrane 
broad  on  head,  disappears  on  neck.  Grealest  breadth  of  upqier  lip  twice  its  length;  base 
broader  than  anterior  margin;  lateral  margins  divided  into  anterior  straight  and  posterior 
arcuate  portion.    Tail  of  male  with  2  rows  of  preanal  papillae  on  each  sde. 

From  Aliigaior  mississippiauii.    Listed  by  Stiles  and  Hassall  in  Leidy  Collectioa. 

67  (57)    Lips  dbtinct,  not  large.     Male  with  ventral  sucker  near  anus. 

Family  Heteraeidae  Railliet  and  Henry  1914. 
None  known  from  aquatic  hosts.    Likely  to  be  confused  with  CucuUiniu  (_cf.  page  530)  which 
has  a  preanal  sucker  without  homy  ring.    There  are  id  North  America  numerous  spedes  o( 
this  genu*. 
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68  (56)    Mecomyaria.    Smalt  transparent  tonna 69 

For  discussicin  o[  term  Meromyaria  see  page  515. 

Lips  aini[de,  inconapicuous.  Vulva  anterior.  Caudal  aid  ol  female  distinctly  dimgBte. 
Separatol  Irom  Ascwids  by  some  authors. 

69  (70)     Without  esophageal  or  intestinal  cecum. 

Family  Ojcyubidae  Cobbold  1864. 

The  [eir  Nortb  AmErican  records  cannot  be  ufdy  BSaigned  on  the  basis  of  the  present  dis- 
tinction between  this  family  and  the  next.  OiDsequently  tb^  are  left  whae  they  were  placed 
ocionally. 

Among  lorms  recorded  from  North  America  which  camiot  be  placed  at  pceteot  owing  to 
imperfect  knowledge  of  their  structuie  are: 

Oxyurii  iubia  Leidy  1S56  reported  from  Bufa  amerkanus  and  Salamaiidra  rubra.    Male 


North  American  genus. Spironoura  Leidy  1856. 

Mouth  surrounded  by  drcular,  papillated  Bp.  Tail  of  male  spiral,  acute,  tuberculate. 
Sidcules  two,  curved,  en^orm,  cosiate.  Tail  of  female  conical,  acute.  Vidva  at  poaleriol 
tMrd. 

Type  species Spironoura  gracUe  Leidy  1856. 

Female  16 by O.J5  DUO.:  male8byo.35mm.  withtworowsof  threcp^allaeon  tail.  Found 
in  sttnnach  of  Emys  strrata  and  Siridan  mexicanus. 

Also  recorded Spironoura  affine  Leidy  1858. 

Female  9  by  0.4  mm.;  male  6  by  0.3  mm,,  with  two  pafollae  on  eadi  side  of  tail  near  end. 
Found  in  cecum  of  Cistuda  camtim. 

70  (69)  With  cecum  on  esophagus  or  intestine,  or  on  both. 

Family  Heierocheilidae  Railliet  and  Henry  1915  ,    .     71 

71  (74)  With  papillae  on  tail  of  male  and  with  ceca  on  both  esophagus  and 

intestine Cimfrawecum  Railliet  and  Henry  1913, 

72  (73)    Without  drde  of  spines  on  tail. 

Contracoecum  spiculigeriait  (Rudolphi)  1809. 
Male  18  to  40  mm.,  female  30  to  154  mm. 
long.  Lips  siaall;  ioterlabia  well  developed 
with  a  snuU  notch  at  outer  margin.  Intes- 
tine with  diverticulum  at  anterior  end.  Tail 
of  male  with  j  postanal  papillae  many  (±  40) 
preaoals  in  1  lateral  series.  Spicules  veiy 
long,  usually  well  extended,  and  recurved. 
Vulva  anterior.     Ova  iiregulaily  reticulate 

Reported  by  Lddy  in  1856. 18S1.  and  1S6S 
.  .  ^_     ..  from  the  stomach  of  cormorant,  white  and 


Fio.  Sig.     CsWr 

73  (7  a)    With  drde  of  spines 


Contracoecum  adunca  (Rudolphi)  1809. 

Male  JO  to  31  mm.,  female  30  to  65  mm.  long.  Weak  lateral 
cuticular  membranes.  Linstow  says  inteilabia  are  present.  Esoph- 
agus with  cecum  extending  posteriad  0.6  mm.,  and  iotestine  with 
^milar  eiten^on  0,41  mm.  anteriad.  Tail  of  male  short,  conicU, 
coiled:  17  preanal  papilhe  in  simple  series,  and  3  postanab.  Tip  of 
tail  ringed  with  fine  spines.  Spicules  long  [1.91  mm,),  equal,  some- 
what enlarged  at  proiimal  end. 

In  intestine  and  pyloric  appendages  of  shod.  Pennsylvania, 
Pio.  810.  OniinKJKwa  Maine.  Probably  of  marine  ongin  though  taken  from  fish  in  freih 
erlip,  Magni 


Dppulip,  Magnified,  (After 
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74  (71)     Without  papillae  on  tail  of  male  and  with  single  intestmal  cecum. 

Hyslerotkylacium  Ward  and  Magath. 

Anterior  end  with  narrow  lateral  wings.  Lips  three,  not  prominent.  Esophagus  long, 
slender,  with  tennioal  bulb.  Intestine  with  short  simple  cecum  at  anterior  end,  eitending 
posteriad.    Males  with  two  equal  spicules.    Females  unknown. 

Type  species.   .   .    Hysterothylacitim  brackyurvm  Ward  and  Magath. 

Male  31  nun.  ions;  m«Timiini  width  0.66  nuQ.  Lateral  ala  one^iuIltcT  width  ol  i»dy. 
Esophagus  3.1  mm.  long,  o.i  to  0.13  mm.  broad;  bulb  with  three  teeth;  cecum  D.94  by  0.08 
mm.    Spiiruiea  0.73  mm.  long,  0.04.5  mm.  wide.    Pyriform  spenu  vesicle  promioent. 

In  stomach  of  black  bass;  Lake  St.  Clair. 

75  (7)     Esophagus  slender,  non-muscular;   lumen  a  capillary  chittnous  tube 

traversing  a  row  of  granular  cells. 

Suborder  TrichoBrrlngata  .    .     76 

76  (77)     Anus  lackii^;    alimentary  canal  non-/imctional  in  adult.    Adtilts 

free  living Family  Mermithidae  Braun  1883. 


>r  crustacean  from  which  th^  occasionally  escape  ii 
apole  OF  other  pecuUai  environment. 

They  are  very  lender,  greatly  elongated,  threadworms  In  which  the  alimentary  canal  is 
traosfonned  in  the  adult  into  a  fat  body.  The  eggs  are  spherioU,  with  two  peculiar  stalked, 
tasselsted  appendages  at  the  poles.  The  adults  are  fully  conddered  in  the  chapter  on  Free- 
Uving  Nematodes  (consult  page  S03). 

The  Mermithidae  are  often  confused  with  Gordlacea  to  which  tbey  bear  a  certain  luper&cial 
resemblance.    The  difleiences  are  discussed  later  (page  535). 

77  {76)    Alimentajy  canal  complete  and  ftmctional.    Adults  always  para- 

sitic.   .    .     Family  Tsichinellidae  Stiles  and  Crane  1910. 

Esoi^iagua  formed  by  caiHllary  tube  traversing  chain  of  cells.  Anterior  region  of  body 
slender,  posleiior  region  swollen.  Anus  terminal.  Male  with  single  9[»cule  (or  none?). 
Female  with  one  ovary.     Vulva  near  junction  of  anterior  and  posterior  body  repons. 

The  well  known  human  parasite,  Trickinella  spiraiii,  commonly  called  trichma,  is  included 
in  this  group  though  in  another  subfamily  from  the  fallowing. 

Subfamily  Trichukinae  Ransom  1911  .   .     78 

78  (79}    Anterior  re^on  of  body  very  slender  and  much  longer  tiian  posterior 

r^on  ' Tritkuris  Roederer  and  Wagler  1761- 

In  North  American  aquatic  host. 

Trickuris  opaca  Barker  and  Noyes  1915. 

Hale  »  to  38  mm.  lonft:  anterior  region  ij  to  19  mm. 
long.  0.06  to  ooS  mm.  thick;  posterior  region  7  to  g  mm. 
long,  O.T4  Co  0.16  ouD.  thick.  Spicule  :  mm.  long;  sheath 
0.18  mm.  long,  0.07  mm.  in  diameter. 

Female  ai  lo  30  mm.  long;  anterior  region  iS  to  19 
mm.  by  0.06  to  0.07  mm.;  posterior  region  10  to  11  mm. 
by  0.13  to  0.15  mm.  Vulva  between  grit  and  second  an- 
terior eleventh  of  posterior  region. 

Duodenum  of  musktac.    Nebraska. 
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79  (78)     Anterior  region  not  much  slenderer  than  posterior  region  and  equal 

to  it  in  length  or  shorter Capillaria  Zeder  1800. 

In  North  American  aquatic  host. 

Capiilaria  ransomia  Barker  and  Noyes  1915. 
L«ngth  19  to  10  mm.:  breadth  of  male  o«i  to  0.03  mm.,  of  (emale  o.oia  to  ao65  mm. 
Buna  of  male  tnuM,  wiUi  1  lateral  bbes.    Spicule  i , j6  mm.  long,  0.007  mm.  broad.    Vulva 
in  aolerior  faurth  of  body.    Eggs  0.05  by  0.01  mm.  with  prominent  plugs. 
Duodenum  of  muikraC.    Nebraska. 

GORDIACEA 

The  Gordiacea  are  familiar  to  all  as  the  hairworms  or  "hair 
snakes"  frequently  foimd  in  the  country  in  drinking  troughs, 
q>rings,  brooks,  ponds,  or  indeed  any  body  of  water,  large  or  small. 
In  general  appearance  these  worms  are  very  much  like  the  nema- 
todes but  the  more  fully  their  internal  organization  has  become 
known  by  study  the  less  they  seem  to  resemble  that  group  in  de- 
tail, and  the  present  tendency  is  to  separate  them  as  an  independ- 
ent class.     Some  even  make  the  group  an  independent  phylum. 

The  body  resembles  a  bit  of  fine  wire  or  a  tough  root  fiber  in 
appearance.  It  is  nearly  cylindrical,  usually  with  blunt  or  rounded 
anterior  end  and  a  caudal  extremity  of  modified  form,  often  swollen, 
lobed,  or  curled  in  a  loose  spiral. 

Certain  nematodes,  especially  Mermis  which  occurs  free  in  soil 
in  the  adult  stage,  resemble  the  hairworms  so  much  externally  that 
they  are  often  confused  with  them.  The  two  .differ  greatly  in 
internal  structure  and  somewhat  in  less  important  external  fea- 
tures; but  by  their  pointed  anterior  end,  tapering  body,  and 
smooth,  finely  striated  and  somewhat  transparent  cuticula  the 
true  nematodes  are  usually  easily  distinguished  from  the  Gordi- 
acea with  blunt  head,  cyUndrical  body,  and  roughened,  ordinarily 
also  papillate,  irregular  cuticula.  Mermis  in  particular  is  most 
readily  distinguished  by  the  pointed  posterior  end  and  when  alive 
by  the  active  anterior  region. 

In  the  Gordiacea  a  single  orifice  serves  as  the  common  outlet  of 
the  reproductive  and  alimentary  systems,  alike  in  both  sexes;  it  is 
located  near  the  posterior  end.  There  are  no  lateral  lines  and  the 
male  never  possesses  spicules. 

These  animals  are  so  opaque  that  little  or  no  internal  structure 
is  visible  on  examination  either  with  the  naked  eye  or  with  the 
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aid  of  a  microscope.  The  moSt  of  the  features  on  which  classifi- 
cation b  based  are  external  and  must  be  regarded  as  arbitrary 
and  trivial.  The  internal  structure  can  be  studied  only  with 
difficulty  by  complicated  technic  and  may  be  passed  here  without 
description. 

In  one  respect  the  Gordiacea  di£Fer  from  the  parasitic  worms 
heretofore  considered:  the  adults  are  free-living  and  it  is  only  the 
young  stages  which  carry  on  a  parasitic  existence.  Probably  the 
free  aquatic  stage  is  merely  a  reproductive  period,  even  though  it 
is  prolonged  for  several  weeks  or  months.  The  worm  when  loaded 
with  eggs  is  round  and  plimip,  but  the  spent  female  is  often  wrinkled 
and  flattened. 

Gordius  deposits  its  eggs  in  a  long  white  or  grayish  cord  which 
may  be  several  feet  long  and  apparently  many  times  the  bulk  of 
the  female  worm.    In  some  spedes  the  cord  breaks  up  into  shorter 
pieces.     The  worms  are  often  observed  in  knotted  masses,  con- 
dsting  of  two  or  more  worms  coiled  together.     In  some  cases  at 
least  they  are  coiled  about  the  egg  strings  and  remain  for  many 
days  in  this  position,  thus  in  a  sense  exercising  protection  over  the 
developing  embryos.    It  is  commonly  said  that  the  Gordiacea  de- 
posit their  eggs  in  brooks  or  other  running  water,  but  I  have  found 
some  species  in  abundance  on  water  plants  and  in  knotted  masses 
along  the  shore  of  Lake  St.  Clair,  Lake 
Erie,  and  Lake  Michigan.      Rarely  I 
have  seen  a  conspicuous  windrow   of 
adult  worms  and  egg  masses  extending 
for   some    distance   along  the   water's 
margin  of  an  inland  lake  and  probably 
washed  up  there  by  wave  action.     The 
minute  embryo  (Fig.  832)  which  hatches 
from   these  eggs   after  a  brief  period 
possesses  a  conspicuous  proboscis  and 
set  of  hooks  at  the  anterior  end.     By 
Fio.  8ti.  Embroyo  Q)  p-rit-rdiu,    tJiis  powerful  boring  apparatus  the  em- 
(Aiier  Montgonieor,)  bryo  forces  its  Way  into  some  aquatic 

insect,  often  the  mayfly  larva.  Further  changes  are  not  known 
except  that  in  the  body  cavity  of  various  adult  insects,  such  as 


.dbyCoOgIc 


PARASmC  ROUNDWORMS  537 

beetles,  grasshoppers,  and  crickets,  are  found  well-grown  and  nearly 
mature  larvae  of  the  hairworms.  On  escaping  into  the  water  from 
these  insects,  the  worms  become  sexually  mature  and  the  cycle  is 
completed.  Villot  denied  the  necessity  of  an  intermediate  host, 
but  others  have  held  that  the  hairworm  undergoes  two  and  per- 
haps more  changes  of  host  during  the  complete  life  cycle.  When 
the  worm  escapes  'from  an  insect  it  swims  about  actively  in  the 
water  but  even  where  the  capillary  esophagus  is  not  dosed  so  that 
the  taking  of  food  is  absolutely  precluded,  t&e  worms  probably 
take  no  nourishment  in  the  aquatic  stage. 

Hurworms  in  an  early  or  late  larval  condition  have  been  re- 
corded as  parasites  not  only  in  the  insects  cited  above  but  also  less 
frequently  in  spiders,  oligochaetes  (Lumbticulus),  snails,  and  rarely 
in  distomes,  fish,  and  amphibians  (P).  In  tlie  last  three  types  their 
presence  is  no  doubt  purely  accidental.  Adults  in  the  free-living 
stage  have  been  reported  a  number  of  times  as  human  parasites. 
Here  their  presence  is  also  fortuitous  and  is  doubtless  due  to  the  ac- 
cidental swallowing  of  specimens  in  water  or  in  food  eaten  uncooked. 

The  number  of  species  of  Gordiacea  in  North  America  b  not 
large  and  thanks  to  the  splendid  work  of  Montgomery  the  group 
b  well  known.  The  following  synopsb  is  based  on  tus  papers. 
The  range  of  species  has  been  somewhat  increased  by  my  own  col- 
lections from  regions  not  represented  in  hb  records.  I  have  also 
been  given  valuable  unpublished  data  by  H.  G.  May.  Even  yet 
there  are  no  records  from  the  southeastern  or  northwestern  United 
States  and  only  a  single  record  each  from  Canada  and  Alaska. 
The  absence  of  records  from  any  region  indicates  lack  of  study  in 
that  region  rather  than  scarcity  of  material. 

Only  three  well-marked  genera  are  known:  Gordius,  Chordodes, 
and  Paragordius,  all  of  which  are  represented  in  this  continent. 

KEY  TO  NORTH  AMERICAN  GORDIACEA 
I  (8)     Anterior  region  distinctly  attenuated,  coming  nearly  to  a  point;  usu- 
ally lighter  than  the  rest  of  the  body  and  without  a  dark 

ring Chordodes  Creplin  1847  .    .     a 

Caudal  md  simple,  not  lobed:  tn  female  •omewhat  enlarged.  External  surface  complicated: 
Kvovl  types  of  areoles  preaent. 

Because  the  malei  and  females  are  distinctly  unlike  la  extemal  appearance  they  come  out  as 
leparate  groups  in  the  key.  The  crosa  references  carry  the  student  back  to  the  other  lei  in 
each  case.  It  will  be  Dot«l  that  the  key  line  which  ultimate^  determines  the  species  is  usually 
•UIm  in  both  lexes. 
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a  (5)     Caudal  end  slenderer  than  preceding  region  of  body,  with  tendency  to 

roll  into  spiral  form (Males  of  Chordodes)  .    .     3 

i.  aluUaw  furrow  or 

3  (4)    Cuticular  areoles  longer  than  high;  small  circular  pits  upon  and  be- 
tween them.  .   .    Chordodes  occidenlalis  Montgomery  1898. 

y*^  For  female  of  this  speda  consult  6  in  this  kgr. 

Male  up  to  15s  nun.  long,  1.5  mm.  broad.  Color  Ugbt  brown  to 
black;  tip  of  held  yellowish  vhite,  A  western  qiedes;  Mootuui, 
Wyoming,  California.  Arizona,  Teiu.  Mexito. 

An  Acridiid  is  known  to  serve  u  host  For  (his  spedes. 

F10.BW. 


4  (3)    Cuticular  areoles  higher  than  long. 

Chordodes  morgani  Montgomeiy  189S. 

For  female  of  this  spedes  consult  7  in  this  key. 

Male  64  to  no  mm.  long.    Color  duU  chocolate  brown,  except  anterior  end  which  is  always 
white.    Papillae  of  several  types;   the  niost  leguUr  conical  with  short  sfune,  and  the  Ugbot 


puillae  with  a  few  spines  on  the  summit  of  each  being  typical. 


s  manifests  a  high  degree  of  individual  and  sexual  variation.    Recorded  from 
^Ivania.  Maryland.  Michigan,  Ohio,  Florida,  Iowa,  and  Nebraska.    C.  puerilis,  origi- 

.  described  from  two  males,  belongs  here. 

A  Blattid  is  known  to  serve  as  host  for  this  sgtaea. 


r^**M**>yUuwni 


^^^'-^^--A^        fji^     fUl^ 


Fio.  8J4.     Culicula  of  Clariiiia  wuriam    9  ^°-  ^i>-    CutlcuU  of  Ckenloda  matuM 

in  Iruuvoie  Motion.     Highly  migaified.    (After  t  "  Innvenc  sectioo.    Highly  imgnififd, 

MoBtgoawiy.)  (After  MantioiaEry.) 

S  (3)    Caudal  end  swollen,  somewhat  knob-shaped;    also  marked  oS  by  a 
slight   constriction.     No  tendency  to  roll  into  a  spiral. 

(Females  of  Chordodes)  .    .     6 


6  (7)    CuticulaT  areoles  longer  than  high;   small  circular  pits  upon  and  be- 

tween them  .   .      Chordodes  occidettlalis  Montgomery  1S98. 
For  male  and  range  of  this  spedes  consult  _j  in  this  key. 

Anterior  region  much  atlenuated;  head  pointed.  Areoles  low.  Color  yellowish  hrown  with 
darker  neck  ring  and  black  mouth  spot. 

7  (6)    Cuticular  areoles  higher  than  bng. 

Chordodes  morgani  Montgomery  18^. 

For  male  and  range  of  this  spedes  consult  4  in  this  key.  The  variable  paiaUae  are  also 
noted  there. 

Female  up  to  ua  mm.  long.  In  the  largest  females  the  cuticula  in  surface  view  is  like  that 
of  the  males,  except  that  the  large  papillae  an  less  numerous.    Color  averages  lighter  than  in 
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i  (i)     Anterior  region  very  slightly  or  not  at  all  attenuated.    Tip  white,  usually 
followed  by  a  distinct  dark  ring g 


9(10)    Anterior  region  slightly  attenuated,  tip  obliquely  truncate;   darlc 
ring  very  broad Paragordius  Camerano  iSg7. 

Caudal  end  trilobed  in  female  *ndonly  bllobed  in  nude.  All  males  of  Goriiut  also  have  the 
caudal  cad  bilobed. 

MoDtgomery  rifbtly  emphasized  Ibe  absence  of  doacal  musculature  in  the  male  and  the 
exceedingly  king  cloaca  in  the  female  as  most  signlGctnt  generic  featurea  to  which  the  caudal 
lobes  wen  subordinate  in  value.    For  mere  diagnostic  purposes  the  latter  aie  convenient- 
Only  species  in  North  America.  .    .     Paragordius  varius  (Leidy)  1851. 

Males  lUore  lender  and  considerably  longer  than  females;  up  to  350  mm.  long,  o.g  mm. 
wide;  female  up  to  1^  mm.  long,  1  mm.  wide. 

The  kmg  trilobed  lailol  the  female,  the  long  cyHndtical  caudal  lobes  in  the  male,  theobliquety 
truncated  head,  and  the  usually  very  dark-colored  ring  around  tbe  head  make  its  identification 

Montgomery  found  the  larva  only  in  Achaela  aibrenala  (Gryllus  miHNtlu),  Found  by 
Minnie  E.  Watson  in  the  same  host  at  Urbona,  lUinois,  and  by  H.  G.  May  in  the  same  host 
tnd  also  in  Nemobius  faiciatui  U.  Douglas  Lake,  Michigan, 

From  New  England  to  New  York,  Virginia  (and  southward?;  It  is  reported  (rom  Guatemala); 
abo  Kansas  and  California.  I  have  spedmeos  from  Lake  Erie,  Lake  St.  Clair,  Lake 
Michigan,  and  Nebraska. 


m 

Id 


a.  lateral  upcci  oi  bead. 


.     „  ....     (Original.)     J.vcntrJ  view  ol  t^. 

„  .^,     (After  StilnJ    d,  surface  vitw  of  culScula  [n 

■ule  and  ',  in  (enwle.    Highly  nnfUiSed.    (After  HonlgoraeiyO 

10  (9)    Anterior  region  not  attenuated,  tip'usually  rounded. 

GoritiM  Linnaeus  1758  .    .     11 
Caudal  end  Inlobed  in  male;  simple,  not  enlarged  in  female. 

11(33)     Caudal  end  bilobed,  ^irally  inrolled.    .    (Males  of  GonJtiu)  ,  .     13 

13  (13)    Arcuate  cuticular  ridge  anterior  and  lateral  to  cloacal  pore. 

Gordius  alascensis  Montgomery  1907. 
Female  not  known;  male  110  mm.  long,  aleo- 
der,  cylindrical.  Head  rounded.  Caudal  lobet 
without  hairs  or  sraailes.  Areoles  irregular,  in- 
terconnected. Color  dark  brawn  with  darker 
neck  ring. 

Fio.  Bj7.  Goriiui  oiAsctHsti.  Cuticular  aieoles, 
litenl  and  ventral  vien  id  tail.  Uncnlfied.  (After 
Montgnraeiy.) 
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13(13)    No  cutkular  ridge  anterior  and  lateral  to  cloacal  pore.    ....     14 
14  (15)    Behind  doacal  pore  sharp  V-shaped  ridge. 

Gordius  villoH  Rou  18S3. 

For  female  ol  this  speciea  consult  13  in  this  key. 

This  spedes  wss  dfscribed  by  Moat^omeiy  as  C. 
aguaticiu.  Several  aubspedes  have  been  distia- 
Kuished.  In  tbe  typical  fona  the  cuticula  is  marked 
with  large  light  spots. 

Male  up  to  6ss  mm.  long,  1.3  mm.  broad,  equal 
ia  diameter  throughout;  both  ends  obtuse;  no  true 
andes  preseot. 

Prom  Canada,  New  England,  New  York  to  South 

Carolios;  westirard  to  South  Dakota,  MoDtana,  ukd 

Califomia;  south  to  Oklahoma.  Texas  and  Mexico. 

ml  view  ol      Various  Aaidiidae  serve  as  hosts  for  this  ipedes. 

vi.r.ifc.1   Abo  found  in  LocuMldae  by  H.  G.  May. 


(Alter  Mootcomcry,} 

IS  (14)    Cuticula  bdiind  doacal  pore  without  sharp,  V-shaped  ridge. 


I  which  might  be  confused  here  is  readily  distinguishable  by  the  tiun- 


16  (17)    On  eadi  side  of  doacal  pore  a  lon^tudinal  line  of  haira. 

Gordius  Hneatiu  Leidy  1851. 


For  female  of  this  spedea  consult  38  in  this  key. 
Male  up  to  178  mm,  long,  0.6  mm.  broad;   very  slender.     Pale 
yellow  or  bufi  in  color;   areoles  small.      Perhaps  only  a  young 
form  of  G.  villcli.    Most  of  the  specimens  takm  from  ivrings. 
"  0  '   New  York,  Fennsylvama,  Maryland,  Michigan. 


18  {31)    Conical  spicules  behind  doacal  aperture 19 

II)  (30)    Caudal  lobes  short,  thick,  and  nearly  conical. 

Gorditu  densareolatus  Montgomery  1898. 


For  female  of  this  q>ecies  consult  39  in  this  kev. 
Makupto  loomm.tong,  I.I  mm,  broad.    Boivrobust.    G>aical niines 
I  ventral  surface  of  caudal  lobes.     Color  deep  chocolate,  with  black 
about  doacal  aperture.    Wyoming,  Montana,  California. 


SO  (ig)     Caudal  lobes  nearly  cylindrical. 

Gordius  tongareolatus  Montgomery  1898. 
Female  of  this  spedes  unknown. 
Male  115  mm,  long,  0.5  mm.  broad.    Longitudi- 
nally arranged  dongate  areoles  characteristic  and 
_>i~,^       of  rounded-conical  form  without  median  groove. 
--■5^-^      No  hairs  between  areolea.    Colordeepolive  brown; 
~~-^^       tip  of  bead  while.    Califomia. 

Fio,  81 1 .    Caiiia  laniatulaliu   g  ;  bead,  tail  is  ven- 
tnl  upFTl.  ud  cuticukr  anolca.    Magnified,     (After 
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drical Gordius  platycephalus  Mootgomery  1S9S. 


For  fmule  of  this  species  con»uh  30  in  thla  Iccy. 

MiLle  up  to  316  mm.  k>n«,  i  mm.  broad.  The  flattened 
anterior  end  is  characteristic,  but  HontgomeTjF  found  one 
^ledmeD  apparently  of  C  dMiorfofoliii  with  this  feature  aud 
could  eipLain  it  only  as  a  hybrid  form.  Canada,  Pennvl- 
vania,  and  Guatemala, 


841.     Ctriim   tMyttthahu 


(After  ) 


iz  (ti)    Caudal  end  strai^t,  not  enlarged  nor  lobed. 

(Females  of  Gordius)  .   . 
Compare  5  in  key. 


23 


2i  (34.)    No  elevated  cuUcular  areoles  on  surface  of  body. 

Gordius  villoli  Rosa  iSSa. 

For  male  and  range  o[  tliis  spedea  consult  14  In  this  key. 

Largest  Female  705  mm.  long,  i.ci  mm.  broad.  One  varied  (C  nlblt  HficSii  Moat- 
gomery)  has  cuticuUr  areoles  at  the  ends  ol  the  body  only.  The  other  varieties  are  hie  tba 
males  marked  with  Ught  mots  01  i^ain.  Montgomery  found  some  points  of  difference  from 
the  European  type,  and  the  American  form  may  prove  on  further  study  to  be  a  separate 

24  (33)    Elevated  cuticular  M%oles  cover  the  entire  surface  of  the  body,     as 
35  (36)    Paired  dark  stripes  occur  in  metUan  lines. 

Gordius  leidyi  Montgomery  189S. 

Male  of  this  spedes  is  unknown.  Female 
9^S  mm.  long,  1.5  mm.  broad.  Sharply  dSa- 
tmguished  from  all  other  spedes  in  the  genus 
by  the  peculiar  truncated  form  of  the  poatoior 
end  and  the  two  narrow  parallel  stripes  at 
intense  reddish  brown  in  the  median  Sue  d 
the  dorsal  groove. 

In  the  Leidy  collection;  source  unknown. 

Fia.Sis-    CtnJiwliuJyi  9  ;  head  lod  taUindsr. 
la]  a^xct.    Haguificd.    {After  UaDtgomax7.) 

16  (35)    Dark  stripes  in  median  lines  are  lacking 37 

The  unknown  female  of  Gerdiiu  Imsareolaius  probably  falls  here. 

27  (30)     Areoles  not  elongated  in  long  axis  of  body;  head  not  flattened. .     38 

38  (39)    Areoles  ctose-set,  tending  to  produce  longitudinal  ridges. 

Gordius  lineatus  Leidy  1851. 

For  male  and  range  of  this  spedes  consult  16  in  this  key. 

Female  up  to  183  mm.  long,  o.S  mm.  broad;  like  male  very  slender.  Deq>er  boS  color  at 
against  the  pale,  transparent  yellowish  white  of  the  male.  In  the  female  the  doacal  orifice  is 
surrounded  by  a  narrow  reddish-brown  ring. 

29  (38}     Areoles  more  or  less  confluent,  tending  to  produce  transverse  rows; 
head  usually  cylindrical. 

Gordius  densareolatus  Montgomery  1S9S. 

For  male  and  range  of  this  spedes  consult  rg  in  this  key. 

Female  up  to  39s  nun.  long.  1.7  mm.  broad.  Body  robust.  Head  while,  followed  by  Kcht 
buff  ring  and  broad  reddish  brown  ring:  cloacal  pore  surrounded  by  thin  black  ring  and  broader 
drcular  reddish  brown  area;  body  generally  chocolate  or  yellowish  brown.  Cloacal  aperture 
in  a  ventral  depression. 
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30(37)    Areoles  not  eIon«ted,  usually  separated^   head  usually  flattened; 
interaieolar  groups  of  fine  hairs. 
Gordius  platycephalus 

Montgomery  1S98. 
For  mak  ind  run  of  this  fpedcs  amnilt  11 
in  this  key.  Female  up  to  33^  mm.  long,  M 
mm,  broad.  PoMerior  end  slightly  enlarged. 
Color  browa;  tip  of  head  lighber;  dark  ring 
around  Deck. 

F1C.844.  GarOiiu tiatyatliaiiu  Q;  bad  indon^ 
■qKl,  tul  ia  vHitial  Mp«t.  mi  mifux  view  at 
cuticula.    Migiiilirt.    (AHa  M salgcaoy) 


ACAMTHOCEPBAIA 

The  Acanthocephala  or  proboscis  roundwonns  constitute  a  most 
remarkable  group  both  in  the  extreme  adaptation  to  the  parasitic 
habit  which  they  manifest  and  in  the  unique  structure  which  pre- 
sents little  or  no  parallel  to  any  other  type  of  animal.  Most  of 
them  are  small,  measuring  only  a  few  millimeters  in  length  although 
the  conunon  parasite  of  the  pig,  Gigantorkynckus  kirudtHo^eus 
(commonly  called  Echinorkynckus  gigas),  reaches  a  length  of  15 
cm.  in  the  male  and  30  to  50  cm.  in  the  female. 

In  form  they  are  elongate,  roughly  cylindrical,  or  spindle-sh:^>ed 
but  with  several  distinct  regions  that  give  the  body  an  irregular 
form.  These  regions  are  a  retractile  proboscis  armed  with  hooks, 
a  neck,  and  a  body  proper.  When  examined  Uving  the  body  is 
often  flattened  or  slightly  bent,  and  displays  a  surface  irregularly 
roughened  or  marked  by  transverse  ridges  of  varying  size.  When 
removed  to  normal  salt  solution  or  preserved  in  other  fluids,  they 
tend  to  assume  a  smooth  rounded  form,  sometimes  with  slight 
regular  annulations  that  suggest  segmentation  but  in  fact  do  not 
extend  beyond  the  dermal  layer. 

At  the  anterior  end  the  proboscis,  which  is  retractfle  and  in  pre- 
served specimens  often  partly  or  wholly  withdrawn  into  the  body, 
presents  a  variable  form  being  in  various  species  cylindrical,  glo- 
bose, filiform,  spindle-shaped,  and  even  more  complex;  it  may  be 
long  or  short,  straight,  oblique,  or  at  right  angles  to  the  long  axis. 
The  particular  form  is  characteristic  of  the  genus  or  species  and  useful 
in  diagnosis.    The  proboscis  bears  always  a  considerable  number  of 
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recurved  books  which  are  arranged  in  rows.  One  can  distinguish 
both  longitudinal  and  circular  rows  and  as  the  hooks  alternate 
they  form  a  quincunx  pattern.  The  number,  form,  and  arrange- 
ment of  the  hooks  are  again  diagnostic  features.  Usually  the  hooks 
ate  strongly  recurved  but  they  may  be  almost  straight  and  often 
the  form  varies  from  tip  to  base  of  the  proboscis.  The  form  of  the 
toot  is  also  subject  to  variation  in  different  species.  In  a  few  cases 
the  hooks  differ  on  the  dorsal  and  ventral  sides  of  the  proboscis. 
'  In  most  species  a  neck  intervenes  between  the  proboscis  and  the 
body  proper.  It  is  nearly  always  unarmed  and  usually  short.  At 
times  it  is  externally  very  sharply  marked  off  from  the  body  or 
again  difficult  to  distmguish.  Internally  a  cuticular  fold  or  sep- 
tum divides  the  hypoderm  of  the  proboscis  and  neck  completely 
from  that  layer  in  the  body.  The  circular  insertion  of  a  retractor 
muscle  at  this  point  also  separates  these  regions  from  each  other. 

The  body  proper  forms  the  major  part  of  the  animal.  It  is 
tisually  unarmed  but  may  bear  small  spines  of  definite  form  and 
arrangement  on  some  portion  of  the  external  surface. 

The  body  wall  has  on  the  exterior  a  thin  cuticida  which  is  not 
conspicuous  as  in  nematodes.  The  subjacent  hypoderm  possesses 
in  one  group  a  few  very  large  and  prominent  nuclei  which  were 
seen  by  early  investigators  though  their  true  nature  was  not  divined. 
These  nuclei  usually  show  as  swellings  or  prominences  on  the  sur- 
face. In  most  Acanthocephala,  however,  the  hypoderm  has  many 
small  nuclei  which  cannot  be  seen  on  casual  observation.  Two 
elongate  organs,  the  lemnisd,  are  projections  of  the  hypoderm 
posteriad  into  the  body  cavity.  They  originate  at  the  line  be- 
tween neck  and  body  proper  and  vary  in  size  and  form  in  different 
species.  Their  function  is  unknown.  The  body  wall  contains  a 
system  of  lacunae  which  is  conspicuous  both  in  living  and  pre- 
served specimens  as  two  longitudinal  vessels  with  smaller  anasto- 
moses usually  numerous  and  irregular. 

The  proboscis  sheath,  usually  a  closed  muscular  sac,  is  attached 
at  the  base  of  the  proboscis,  or  rarely  inside  that  organ.  The  pro- 
boscis can  be  inverted  into  the  sheath.  The  brain  hes  within  the 
sheath  concealed  between  the  retractor  muscles.  Its  precise  loca- 
tion may  be  determined  by  the  retinacula,  a  pair  of  nerve  cords 
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passing  from  it  directly  through  the  sheath  and  obliquely  to  the 
body  wall. 

No  trace  of  an  alimentary  system  has  been  found  in  the  adult 
or  in  any  stage  of  development.  Nutrition  is  thus  provided  for 
entirely  by  absorption. 

The  seies  are  separate  in  all  cases.  The  genital  pore  in  both  is 
at  or  very  near  the  posterior  tip.  The  male  is  smaller  and  more 
slender  than  the  female  and  often  distinguished  externally  by  a 
bell-shaped  bursa  that  surrounds  the  genital  pore.  This  is  a  mus- 
cular fold  which  is  held  within  the  body  except  at  coition  and 
may  be  forced  out  by  the  contraction  accompanying  the  preser- 
vation of  the  specimen.  Two  oval  testes  lie  usually  in  the  center 
of  the  body  one  behind  the  other.  Farther  back  is  a  group  usu- 
ally of  a  few  large  cells,  the  cement  glands. 


Fro.  844.    AaoMaafMu!  raaat.    Entlii  fcmkle.    ftr,  fanin;  hi,  cgpuUtoiy  bum;  ci  cgmul  tbndi; 

iBtii;  re,  Tetinuuk;  rfr,  rcu«clon  d(  prvbwcis  mxpUck;  il,  wupouoiv  luuiienl:  la,  ulenn  tots. 
X  30-    (Aflcr  ViD  ClavcO 

In  the  female  a  ligament  extends  through  the  center  of  the  body 
cavity  from  end  to  end.  The  ovary,  which  is  present  only  in  the 
larval  stage,  produces  great  numbers  of  ova  that  later,  surrounded 
by  a  hea,vy  covering  of  three  distinct  membranes,  Soat  free  in  the 
body  cavity.  A  complicated  apparatus  known  as  the  uterine  bell, 
located  in  the  body  cavity  near  the  posterior  end,  performs  rhythr 
mic  contractions  that  discharge  from  the  body  all  well-developed 
embryos  and  return  to  the  body  cavity  all  that  are  not  sufficiently 
matured. 

The  Ufe  history  of  Acanthocephala  is  almost  unknown.  Those 
parasitic  in  terrestrial  hosts  develop  probably  without  any  rela- 
tion to  the  aquatic  fauna  as  Gigantorhynckus  hirudinaceus  of  the 
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pig  finds  its  intermediate  host  in  terrestrial  beetle  larvae.  Of 
forms  from  aquatic  hosts  it  is  inferred  that  the  ri[>e  embryos  dis- 
charged into  the  water  with  the  feces  of  the  host  attain  by  chance 
a  suitable  intermediate  host  which  is  probably  a  crustacean  or  in- 
sect and  in  that  develop  to  the  end  of  the  larval  stage.'  When 
this  intermediate  host  is  eaten  by  the  final  host  the  parasite  reaches 
the  place  in  which  it  can  complete  its  development. 

Almost  no  records  have  been  pubhshed  of  Acanthocephala  from 
North  American  fresh-water  hosts.  My  own  collections  and  re- 
cent papers  by  Van  Cleave,  to  whom  I  am  indebted  also  for  valu- 
able unpublished  data,  give  at  best  an  imperfect  survey  of  the 
field.  The  system  used,  which  follows  in  the  main  Liihe's  work,  is 
also  confessedly  artificial  and  incomplete. 


KEY  TO  NORTH  AMERICAN  ACANTHOCEPHALA 

I  ^o)     In  hypoderm  and  lemuisd  only  a  few  giant  nuclei. 

Family  NEOECHiNOKHYNCamAz  Ward  .   .     a 

Primitive  Acsntbocepfaala  with  hypoderm  consisting  of  a  syncytium  in  which  are  si  giaat 

Dudd.  otdinuity  arraujed  lo  that  five  lie  in  the  mid-dorsal  une  and  one  in  the  mid-voitlBl. 

One  lenmiscus  contains  two  giant  nuclei  and  the  othei  only  one.    Then  aucld  are  uiuajly 


3  (g)     Frobosds  globose,  or  nearly  so;  with  three  circles  of  hooks. 

Neoechinorhynchus  Stiles  and  Hassall  1905  .   .     3 
w  much  larger  than  those  i.. 


3  (4)    Twelve  hooks  in  each  drcle. 

Neoechinorkynckus  gracUiseutis  (Van  Cleave)  1913. 

Body  smaQ,  tapering  slightly  toward  both  ends,  bent 

into  a  crescent.  Mature  females  1.7  to  4  mm.  long; 
manmum  width  0.38  mm,  jaat  anterior  to  center  of 
■■  -  ■^-  Males  1 ,5  to  J  mm.  long,  maximum  breadth  0.3 
mm.  Proboscis  slightly  longer  than  wide  with  con- 
striction between  second  and  third  row  of  hooks. 
Hooks  delicate,  in  anterior  row  curved,  13  lo  ij(i 
long,  in  middle  row  11  to  15  fi  long,  in  basal  row  nearly 
straight,  15  to  loiiioag.  Embryos  spiidle-ahaped,  36 
to  40^  lon^  by  10  M  broad. 


if  hickory  shad;  Illinoia  RiTC 


4.  (3)     Six  hooks  in  each  circle S 
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S  (8)    Terminal  hooks  over  90  n  long.     Embryos  under  50  n  long 6 


6  (7)    Body  S  to  33  mm.  loilg.     Embryos  very  small. 

Neoechinorkynchus  emydis  (Leidy)  1853. 


Pio.  S46.    NtaaUturl 
Oeavt) 


Bodymucli  ekmgUed.cyliiidrial,    Fcnule 

10  to  31  mm.  long,  o.j  nun,  in  nm.- 

width.  Hale  S  to  1 1  mm.  long  by  o, 
broad.  Proboscis  globose,  0.175  n"".  long. 
Hoolu  large,  in  ulterior  row  Btnmgly  recurved, 
95  to  roj  IS  long,  io  oiiddle  row  ^%  to  59  fi 
long,  in  basal  row  is  to  S4  f"  long,  nearfr 
straight.     Embryos  very  small,  oval,  i6  by 

OriginaUy  described  by  Leid^  from  the  in- 
testine  of    various   species   of    Bmyi    from 
_   ,      .      Penmylvanii  and  Maryland.     Frequent  in 
(njXii.    FnUxscB.    iiaiacociemmyi    tcetrapkiais    (Lesueut)    and 
K  sjo.    (AftM  vui    ^j„„jj^j„  ^j,^  M«   from   Ihc   lUioois 
Rivei. 


7  (6)    Body  1  to  13  □ 


I.  long.     Embryos  about  40  n  long. 

Neoechinorkynchus  lenellus  (Van  Cleave)  1913. 


Bod^  small,  botb  ends  curved  strongly  ventnul. 
Postenot  two-thirds  of  body  markedly  attenuated. 
Female  3,5  to  ij  mm.  long,  0,6  mm.  in  """■"■■-i 
breadth;  males  a  to  8  mm.  long,  o.j  mm.  broad.  Pro- 
boscis nearly  cylindrical,  o-ijo  mm.  long  by  0.135  """■ 
wide.  Anterior  books  90  to  iio>i  long,  heavy:  middle 
hooks  38  fi  longi   basal  hooks  aj /i  long.     Embryos 


37" 


j,by.; 


1  L.  from  I^e  Marquette 


B  (5}    Tenninal  hooks  usually  less  than  90  fi  long.    Embryos  over  50  a  long. 
Neoechinorkynchus  cylindratus  (Van  Cleave)  1913. 

Large,  ttraJghl-bodicd,   Female  10  to  tj  mm. 

long,  0.7  mm.  in  maximum  widtb,  just  behind 
pioboads.  Male  4.5  to  8.5  mm.  long,  0.5  too.; 
mm,  in  madmum  breadth  near  anterior  end. 
Proboscis  sltghCly  br>>ader  (0.171  mm.)  than 
long  (0.15  mm.).  Anterior  hooks  79  to  97  fi 
long,  heavy,  strongly  recurved,  center  itooks 
37 >i  lung,  basal  hooks  11  to  15*1  long.  Em- 
bryos 49  to  51  li  long  by  IS  to  II  u  broad. 
Id  intestine  of  M kropUrus  salamoidts  (La- 
r  C^.).  Pelican  Lake,  Minnesota,  and  of  -411- 
guilia  ckryiypa.  Woods  Hole,  Massachusetts. 


Fia.S48-  Sioediiiurkjackiii.. 
badi.  X  75;  books  and  cmbiyt 
VuCkaie.) 
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9  (i)    Proboscis  long.     Numerous  ii 


egular  drdcs  of  about  six  hooka  each. 
Tanaorhamphui  Ward. 
The  extreme  length  of  the  probosds  and  the  Isrge  number  of  hooks 
la  contrast  t^s  with  the  previous  closely  related  geiiua.     Hooks 

anterioi  row  are  not  con^cuously  lai^  thao  those  [aUowing- 

Tbe  cement  gbnd  bos  i6  nudei. 

Only  Species  known. 

Tanaorhampkus  iongiroslris  (Van  Cleave)  1913. 

Body  robust,  posterior  end  flexed  slifthtty  ventrad.  Femalei 
average  6.1  mm.  long,  and  0.63  mm,  in  maiimum  breadth.  Males 
average  4  mm-  long,  and  0.47  mm.  in  manniuni  breadth.  Proboscis 
cylindrical  with  slight  constriction  one-third  distance  from  base  to 
outer  end,  bent  ventrad  So  degrees.  Hooks  in  about  10  drculsr 
rows  of  sii  to  ten  hooks  each.  Anterior  books  54  /i  long,  succesaive 
hooks  gradually  smaller  until  witbin  a  few  rows  of  the  base  where 
they  become  abruptly  smaller;    basal  hooks   16  fi.  long.      Embryos 


Fio.  Btg.    TanaarlamtlHU  Imanttris.    Proboscis.  X  75:  anbnma,  X  130. 
(JWet  Vsn  Clave.) 

10  (i)     In  hypoderm  many  small  nuclei,  not  conspicuous  externally.    .    .     11 

The  proboscis  sac  has  a  double  muscular  wall. 

11  (36)     Proboscis  and  neck  simple,  without  bulbous  enlargement  even  in 

fully  developed  ^>eciinens is 

II  (27)    Hooks  in  each  circular  row  all  alike;  no  contrast  between  difierent 
sides  of  proboscis 13 

13  (24)     Proboscis  sheath  attached  at  posterior  end  of  probosds 14. 

14(19)     Body  of  parasite  entirely  free  from  spines  at  all  points 15 

15  (16)     Retinacula  emerge  from  probosds  sheath  at  blind  posterior  end 
which  contains  ganglion.     Acanlhocepkaltu  Koelreuter  1771. 

In  marine  and  fresh-water  fishes  and  Amphibia,  larvae  in  Isopoda. 

Representative  North  American  species. 

Acantkocepkalus  ranae  (Schrank)  178S. 

Body  elongate,  club-shaped,  largest  near  neck.  Proboscis  short,  cylindrical.  Twelve  rows 
each  with  6  or  r  hooks  which  are  60,  70.  So  and  50  n  long.  Embryos  1 10  n  long  b^  13  m  broad. 
This  European  q>ecies  has  been  identified  by  Van  Cl^ve  who  showed  that  it  is  apparently 
rare  in  this  country. 

From  ioteUine  of  Ditmydylui  mridacau  taken  near  Baltimore,  Maryland. 

16(15)     Retinacula  emerge  from  lateral  walls  of  proboscis  sheath;   ganglion 
distinctly  anterior  to  blind  posterior  end  of  sheath. 

Eckinorhynchus  Zoega  1776  .    .     17 

Neck  snnting  or  very  short;  proboscis  long,  (yliodrlcal,  bent  ventrad.  Hooks  numerous, 
much  alike  throughout  except  that  roots  grow  shorter  ukd  disappear  in  later  rows. 

In  marine  and  fresh-water  fishes, 

Neuly  every  new  spedes  described  from  this  continent  has  been  assigned  to  this  genus, 
many  of  them  erroneously.  Several  good  ^iccies  in  North  America.  Abundant  in  wutefish 
Mkd  lake  trout  (rtnn  the  Great  Lakes. 
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17  (18)    Embryos  from  85  to  loS  n  long. 


Echitiorhyttchtts  thecatus  Linton  i8gi. 

Body  cylindrical ,  slightly  curved ;  proboKU  curved  also. 
Penule  11  to  16  nun.  long;  widlb  0.51  to  o.Sg,  uiterioily  0.8 
to  1-4  mm.  in  nuudmutn,  0.51  to  i  nun.  poaLcriorly.  Male  7 
to  iinun.  ioog;  width  0.39  to  0.69  ulteriorly,  0.59  to 0.95  in 
muunum,  0.37  to  0.7s  poateriorly.  Hooks  in  24  to  31  trans- 
vGTSe  BOd  1 1  longitudinal  rows  surrounded  by  prominent  coUan. 
Embryos  Ss  to  108^  long  by  iS  to  aiu  broad,    (Graybill.) 

Id  alimemtoi^  canal  and  body  cavity  of  Uicroflenu  iolB- 
mini.  Amidcplilei  ru^itrii,  Amu  catta,  and  Reccta  UnaUus. 
Great  Lakes  and  eaateni  hbCcts. 


Embryos  from  115  to  165  ^  long.  .    Eckinorkync/iiis  salodinH.a>lan&. 


Mole  7  tog  mm.  long,  0.B2  to  1,17  mm.  broad.  Fe- 
male 10  [o  17  nun.  long,  i.i  to  T.6nim.  wide.  FroboadB 
armed  with  16  drcular  rows  of  8  hooks  each.  Ho(^ 
alternate  in  adjaceot  rows.  Basal  hooks  39  to  SOfi 
long;  hooks  in  middle  and  anterior  rcgiona  44  to  68  ^ 
long,  those  with  basal  processes  83  ^  long.  Knbryos 
IIS  to  165*1  long  by  ao  to  JJ  ii  wide. 


n  lake  trout;  Lake  MicUgan. 


19  (14)    Spines  on  body  at  some  point  at  least,  usually  at  anterior  end.  .     ao 

30  (23)  Body  tapers  regularly  towards  both  ends.  Probosds  in  line  with 
axis  of  body.  Posterior  limit  of  spines  alike  on  dorsal  and 
ventral  surfaces 11 

11(33)     Cement  glands  tubular Polymorpkta  Uihe  igiu 

Fine  spinei  on  skin  of  anterior  body.    Just  behind  the  limit  of  these  spines  a  conspicuaui 

annular  constriction.    Type  species  P.  nanului  (Goeze)  from  various  European  water  birds. 

At  least  one  spedes  yet  undesqibed  from  North  American  Anseriformes. 

33  (11)  Cement  glands  irregularly  ovoid.  (Males  and  some  females  or 
young  specimens.) FUicoUis  Uike  1911. 

Compare  number  37  in  this  key. 

The  males,  the  young  females  and  even  some  adult  females  of  certain  spedes  have  a  proboads 
that  departs  only  slightly  from  the  usual  type,  being  a  little  enlarged  but  not ~'~ 
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M  off  from  tlie  neck.    Id  the  type  sf 

KDorted  (or  North  America,  tbe  aiL 

^Mwricsl  bladder  which  bean  tbe  books  oi 

Representative  North  American  species. 

FUkoUis  botiUui  Van  Cleave  igi6. 


U>.    FiUaBt: 
ndy  q)liiB 


a3  (30)  Body  club^haped,  anterior  end  enlarged.  Proboscis  bent  ventrad, 
fonxung  an  angle  with  axis  of  the  body.  Spines  estend 
further  posteriad  on  ventral  surface  than  on  dorsal. 

Corynoioma  Lilhe  1904. 
Tbe  peculiar  form  and  the  miuiual  distribution  of  spines  on  tbe  body  terve  to  identih'  the 
members  of  this  genus  which  is  apparently  limited  in  the  adult  stage  to  fish-eating  birds  and 
muni""!'',  chiefly  seal.    The  genus  is  mamly  marine  but  Van  Geave  lias  a  record  of  a  qiedea   ' 
ircKn  biidi  at  Ydlowstone  Lake. 

34  (13)     Proboscis  sheath  attached  at  center  o[  piobosds. 

Family  CEtnBORHYNCHiDAE  Van  Cleave  1916  .    .     35 
Tbe  probotda  sheath  starts  from  neat  the  center  of  the  proboads  mSL    The  mature  brni* 
are  parasitic  in  the  intestine  of  birds. 

15  (36)    Probosds  receptacle  two  layered:   retractors  penetrate  its  posterior 

rounded  tip CerUrorkynchus  Lilhe  1911. 

Three  long  tubular  cement  glands. 
Only  North  American  spedes. 

Centrorhynchus  spinosus  Van  Cleave  1916. 
Female  10  mm,  long,  0.6  mm.  broad  anteriorly,  o.j 
mm.  poaterioHy.     Probosds  0.65  mm.  long  constricted  at 
Insertion  of  proboscis  receptacle  with  hooks  of  a  types  in 

Ininte! 

ia(?). 


to  the  will.     X  i£.    (After  Vu  Cleave 

36  (15)    Probosds  receptacle  single  layered;  retractors  pass  through  its  sides 

some  distance  anterior  to  posterior  tip. 

Mediorhynchus  Van  Cleave  igi6. 
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97  (12)    Hooks  not  alike  on  ventral  and  dorsal  surfaces  of  probosda.  .    .     aS 

38  (39)    Hooks  differ  in  fonn,  especially  of  root,  but  not  in  size.    Body  uoi- 
fonnly  cylindrical  or  nearly  so, 

Rhadittorkynchus  Liihe  igii. 

Hooks  of  dorsal  luifux  with  much  ihoitEr  root,  iIm  ilenderer  uid  less  curved  Cb&n  those  on 
ventral  surface.  In  marine  fisbei  almost  exduiively,  bat  present  in  trout  tn>m  eaitem  ststei. 
Sp«ies  yet  uadeaoibed. 

19  (38)     Hooks  differ  noticeably  both  in  form  and  size.     Body  very  large 
and  slender,  with  marked  enlargement  near  anterior  end. 

Arhythmorhynchus  LUhe  1911    .    .     30 


30  (31)    Hooks  on  mid-ventral  surface   of  proboscis  conspicuously  larger 
than  any  others. 

Arhythmorhynchus  trichocephalus  (R.  Leuckart)  1893. 


From  Florida;  host  unknown. 


32  (33)    Large  books  exceed  100  p  in  length. 

Arhythmorhynchus  uncinatus  (Kaiser)  1893. 

Length  4  to  e  cm.,  diameter  1  to  1.1  mm.  Ovoid  svclUog  about  j  mm.  behind  neck;  0.6 
mm.  in  front  of  sweUins  prominent  annular  enlargement  i  to  1.4  mm.  long,  i.;  to  1  mm.  in 
diameter  and  covered  thickly  with  amaU  tpiaa.  Proboscis  with  iB  transverse  and  18  kmgi- 
tudinal  rows  of  books. 

From  Florida;  host  uikknowc. 

33(3*)     Large  hooks  not  more  than  50  n  long 34 

34  (35)    Eighteen  longitudinal  rows  of  hooks. 

Arhythmorhynchus  brew  Van  Cleave  igi6. 

Female  6  to  11  mm.  long.  3  mm.  wide.  Male  s  to  6  mm. 
long,  I  to  1.5  mm.  wide.  Neck  naked.  Body  just  back  of 
neck  with  few  small  spmea.  Probosds  0.665  mm.  long,  0.13 
mm,  wide  at  base,  0.19  mm.  at  tip,  0.34  mm.  at  center.  Em- 
bryos j6  to  100  fi  by  14  to  30^.  Middle  shell  heavy,  with 
rounded  swelling  at  each  pole. 

From  bittern  [Batanrus  lenUginvsiis);    Baltimore,  Uary- 


wkyiulittt  brtni.    Anterioread  ol  body.    X  4a. 
■tAfUr  Van  ClesveJ      . 
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35  (34)    Proboscis  with  sixteen  longitudinal  rows  of  hooks. 

Arhylhmorhynckus  ptimilirostris  Van  Cleave  1916. 

Female  up  to  3a  mm.  long,  and  1.5  nun.  broad.  Piobosda  0.45 
m.  hag,  0.114  mm.  wide  at  base,  0.095  nun.  at  tip,  a.iS  mm.  at 
nter.  Embryoi  6$  to  89  ^  loog,  18  ii  broad.  Middle  aliell  with 
'agiaation  at  each  pole. 

From  bittem  (Bulauna  Ictitiiinaiiu);  Washington,  O.  C 


36  (11)     In  anterior  region  of  mature  ^ledmeDS  prominent  bulbous  enlarge- 

ment, separated  from  body  by  slender  cylindrical  neck,    37 

The  bulb  ii  embedded  in  the  intestinal  wall  or  may  even  be  in  the  body  cavity  when  the 
slender  region  traverses  the  wall  connecting  will)  the  body  of  the  parasite  in  the  intestine.  In 
handling  such  materia]  the  proboads  may  easily  be  partly  or  CMapletely  torn  oS,  aod  the  para- 
site ii  then  difficult  to  idenli^'  as  the  characteristic  bulb  at  least  is  gone. 

37  (38)    Bulb  consists  of  the  probosds.    Hooks  on  the  anterior  face  of  the 

bulb  in  radial  lines.     .   .     (Females  of)  Ft/M»Ut«  LUhe  1911. 

Representative  North  American  spedes. 

FilicoUis  boltdtts  Van  Cleave  tgi6. 
Id  feroaki  thus  for  reported  under  this  name  for  North  America  the  bulb  is  waoting;  it  mqr 
be  present  ill  older  specunens  and  in  lact  is  described  in  specimens  recorded  under  the  name 
£.  amatii  which  may  bdong  here. 
CoiniBie  number  12  m  key. 

38  (37)     Bulb  consists  of  anterior  part  of  neck  only.     Proboscis  extends  an- 

teriad  from  bulb.     .   .   .   Pomphorhynchus  Monticelli  1905. 

Proboscis  lon^ ,  cylindrical,  with  many  hooks.  Neck  very  Ions,  eqianded  la  soteiioT  region, 
•lender.  cyUiKlncal  in  posterior  portion.  In  intestine  of  nshes;  one  of  the  commonest  tyi>es 
in  European  (tedl-watet  hosts.    Not  infrequent  in  North  American  fre^-watei  fishes;  species 
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CHAPTER   XVII 
THE   WHEEL   ANIMALCULES   (ROTATORIA) 

By  H.  S.  JENNINGS 

Prafttuf  tj  Zotlaiy,  Jtluu  Bafkim  Vm^tUy 

The  Rotatoria  or  Rotifera  are  perhaps  the  most  characteristic 
group  of  fresh-water  animals,  and  at  the  same,  time  the  most 
attractive  and  beautiful.  They  are  everywhere  abundant  in  fresh 
water,  but  are  rare  elsewhere.  With  their  varied  and  fantastic 
forms,  their  brilliant  colors  and  lively  manners,  they  have  long 
been  the  favorites  of  amateur  mlcroscopists.  Some  of  the  older 
observers  have  expressed  themselves  with  great  enthusiasm  in 
regard  to  these  creatures.  Eichhom  (1781)  who  discovered  Steph- 
anoceros  in  1761,  calls  it  the  "crown  polype,"  and  likens  this  "in- 
comparable animal"  to  a  pomegranate  blossom.  Of  Floscularia  he 
says,  "Now  I  come  to  a  very  wonderful  animal,  which  has  very 
often  rejoiced  me  in  my  observations:  I  call  it  the  Catcher:  ex- 
traordinarily artistic  in  its  structure,  wonderful  in  its  actions,  rapid 
in  capturing  its  prey."  Eichhom's  account  of  the  capture  of  prey  is 
excellent:  "Its  head  was  a  widespread  net  .  .  .  with  points  which 
had  little  round  balls  on  their  tips;  so  it  awaits  its  prey;  when  a 
little  animal  came  into  this  net  or  hollow  ba^,  then  it  convul- 
sively drew  the  neck  a  little  together,  as  if  to  find  out,  as  it  were, 
whether  it  had  really  gotten  its  booty;  then  it  suddenly  folded  the 
net  together  and  pushed  the  prey  into  its  body,  where  one  could 
still  see  it  plainly.  .  .  .  And  I  have  often  seen  it  exactly  as  in 
[Fig.]  K;  then  it  looked  terrible,  no  Ughtning  stroke  can  rush  from 
the  clouds  into  the  air  so  quickly  as  tliis  little  animal  fiercely  struck 
together  the  two  hooks  when  it  noticed  a  prey  in  its  outspread 
net." 

The  rotifers  are  minute,  chiefly  microscopic  animals.  Their 
most  characteristic  feature  is  the  ciliated  area  at  or  near  the  ante- 
rior end  of  the  body,  serving  as  a  locomotor  organ  or  to  bring  food 
to  the  mouth.  Taken  in  connection  with  the  lack  of  cilia  on  other 
parts  of  the  body  (save  m  rare  cases  at  the  posterior  end),  this 
SS3 
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ciliated  area  or  corona  serves  as  a  rule  to  distinguish  a  rotifer  at 
once  from  any  other  many-celled  animal  living  in  fresh  water. 

The  extreme  diversity  of  form  and  organization  in  different 
rotifers,  though  constituting  the  greatest  charm  of  their  study, 
makes  it  almost  impossible  to  give  a  formal  definition  of  the  group. 
Even  the  most  characteristic  feature,  —  the  ciliated  corona,  — 
is  in  a  few  cases  lacking.  The  form  of  the  body  varies  extremely, 
from  spherical  in  Trochosphaera  (Fig.  947)  to  the  excessively  atten- 
uated form  of  Rotifer  neptunius  (Fig.  960),  the  flower-like  shape  of 
Slephanoceros  (Fig.  937),  or  the  spiny,  turtle-like  figure  of  Poly- 
chaetus  (Fig.  905). 

Yet  one  can  give  a  characterization  that  will  be  true  for  the  great 
majority  of  the  rotifers.  The  body  is  as  a  rule  somewhat  elon- 
gated, with  the  ciliated  corona  at  the  anterior  end;  it  is  extended  at 
the  posterior  end,  behind  and  below  the  cloaca!  opening,  to  form  a 
stalk,  or  tail-Uke  appendage  known  as  the  foot.  This  frequently 
ends  in  two  small  pointed  toes.  There  is  a  weU-developed  ali- 
mentary canal,  with  a  muscular  pharynx,  containing  complex  jaws. 
There  is  a  simple  excretory  system,  while  circulatory  and  respira- 
tory systems  are  lacking.  The  nervous  system  consists  of  a  prom- 
inent brain  and  of  certain  nerves  and  sense  organs.  The  sexes  are 
separate,  and  the  male  is  usually  a  minute,  degenerate  creature, 
lacking  the  alimentary  canal. 

Rotifera  may  be  found  wherever  there  is  fresh  water.  Lakes, 
ponds,  and  streams  harbor  them  in  immense  number  and  variety. 
Swamps  and  marshes  swarm  with  them.  Wayside  pools,  drains, 
and  even  the  dirty  water  that  stands  in  barnyard  holes  about 
manure  heaps,  are  prolific  sources  of  rotifers.  The  mud  of  eave- 
trougbs,  the  bottoms  of  funeral  urns,  the  cavities  found  in  the  axils 
of  the  leaves  of  certain  mosses,  —  all  these  are  famous  collecting 
grounds  for  the  rotifer  hunter.  A  few  rotifers  are  parasitic,  some 
externally,  some  internally.  A  few  live  in  salt  water,  but  they  are 
much  less  abundant  in  the  ocean  than  in  fresh  water. 

In  giving  an  account  of  the  structure  and  life  of  the  rotifers,  it 
will  be  well  to  have  in  mind  at  first  some  representative  type;  then 
the  variations  found  in  other  rotifers  may  be  traced.  The  typical 
rotifers,  as  well  as  the  commonest  ones,  are  those  belonging  to  the 
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great  family  of  Notommatidae,  and  there  is  much  reason  to  believe 
that  all  other  rotifers  have  been  derived  from  fonns  essentially 
similar  to  those  found  in  this  family.  The  different  members  of 
the  Notommatidae  are  so  much  alike  that  it  is  hardly  necessary 
to  select  precisely  some  one  species  for  a  type.  But  it  will  be  well 
in  following  this  account  to  have  in  mind  such  an  animal  as  Proaies 
(Fig.  856),  or  Notommaia  truttcata  (Fig.  857,  A  and  B),  or  Copeus 


For  cipUiutJiiii  al  Ici 

pachyurus  (Fig.  857,  C).    For  convenience  one  can  refer  to  any 
member  of  the  Notommatidae  as  a  notommalid. 

The  notonmiatids,  though  the  most  abundant,  are  as  a  rule  the 
least  conspicuous  of  the  rotifers.  They  have  usually  a  nearly 
cylindrical  body,  often  somewhat  swollen  behind,  and  with  a 
slender  posterior  foot  (J)  ending  in  two  toes  (0-  Most  of  them  are 
found  swimming  about  amid  vegetation  or  creeping  over  its  sur- 
face. Like  all  other  living  things,  these  rotifers  are  bundles  of 
activity.    They  are  busily  engaged  in  carrying  on  many  processes. 
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interna]  and  external;  in  meeting  and  solving  the  problems  whicfa 
the  world  presents.  And  it  is  almost  surprising  to  note,  when  the 
matter  is  first  examined  from  such  a  standpoint,  how  nearly  the 
objects  of  the  strivings  of  almost  any  lower  group  resemble  those 
of  the  highest.  To  get  proper  food  and  oxygen;  to  find  or  construct 
a  proper  place  to  dwell;  to  arrange  for  the  production  and  growth 
of  the  young;,  to  protect  one's  self  and  one's  progeny  from  ene- 


Pui.  S57,  NMommitdd  rotifeti.  A ,  Saliimmala  tnneala  Jaanan,  Mt  view,  Xju.  S,  xnc.  dorul 
»kw.  Xjoo.  C,Cn™t<^l<yHruiGoKt.  Xijo.  The  fclterim  Fl«.  Ss6  »nd  8ji  hive  the  follow- 
iDg  dgDifiotkn:  £t,  bnin;  i.  actc^i  ca,  mpuUtory  or^vn;  eo,  conlnctue  vacuole;  t,  eye;  tx,  excretory 
orgiai;  /,  {ool;  /i,  flxine  all;   II.  gn\iic  gludi;  in.  ioleitliie^  la,  luen]  entouiu;  m.  moulh;  •■(. 

ipermuimn;  il,  Momicii;  1,  toei.     (Alter 'Weber.J 

mies  and  from  the  forces  of  nature,  —  these,  and  the  activities 
growing  out  of  them,  form  the  groundwork  of  life  in  the  lowest  as 
well  as  the  highest  creatures.  In  studying  the  rotifers,  it  will  be 
best  to  look  upon  them  as  living  things  and  to  ask :  What  processes 
and  activities  are  they  carrying  on?  And  what  apparatus  do  they 
use  in  these  activities?    Thus,  one  is  led  to  take  up  in  order  the 
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various  systems  of  organs,  to  notice  their  variations  and  modifica- 
tions, and  the  uses  they  serve. 

Perhaps  the  chief  concern  of  all  organisms  is  to  provide  material 
for  carrying  on  the  compUcated  chemical  processes  that  are  going 
on  within,  —  that  is,  to  get  food  and  oxygen.  How  does  the 
rotifer  accomplish  these  ends? 

This  is  done  mainly  by  the  aid  of  the  ciliated  surface  at  the 
■anterior  end,  —  the  corona.  The  cilia  of  this  region  are  fine,  hair- 
like processes  which  are  in  constant  motion.  They  strike  back- 
ward more  strongly  than  forward,  so  that  they  cause  a  current  to 
pass  backward  from  in  front  of  the  animal  to  its  mouth,  and  thence 
over  the  surface  of  the  body  {Fig.8s8).  In  the  simplest  notommatida 


Pio.  ScS.  Cntlcsll  ol  mter  aaan 
fa  fnul  ol  the  rotifer  is  dn*ii  out  In  tl 
bom  a  6cuR  by  Dima-NuLt&ll.) 

the  corona  is  a  mere  Eattish  disk  on  the  ventral  side  of  the  anterior 
end,  covered  uniformly  with  short  cilia  (Fig.  859).  In  other  rotifers 
there  are  great  variations  in  the  size  and  arrangement  of  the  cilia; 
these  variations  will  be  taken  up  later.  The  water  current  pro- 
duced by  the  corona  has  a  number  of  different  uses: 

1.  It  continually  renews  the  water  that  bathes  the  surface  of  the 
animal,  thus  insuring  a  constant  supply  of  fresh  oxygen.  The 
oxygen  thus  supplied  is  absorbed  by  the  entire  surface  of  the  ani- 
mal, apparently,  for  there  are  no  special  respiratory  organs. 

2.  The  current  brings  to  the  mouth  any  particles  of  food  that 
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may  be  floating  in  the  water,  or  that  are  easily  washed  from  sur- 
rounding objects.  The  mouth,  dtuated  in  the  posterior  part  of 
the  corona,  opens,  and  so  admits  oi  seizes  such  food  as  is  adapted 
to  the  rotifer.  In  many  rotifers  the  dlia  are  the  chief  direct  agents 
in  obtaining  food,  and  in  practically  all  spedes  they  are  dther 
directly  or  indirectly  of  the  greatest  importance  for  this  function. 


3.  In  place  of  bringing  food  and  oxygen  backward  to  the  rotifer, 
the  dlia  may  carry  the  animal  forward  to  new  supplies  of  these* 
necessities.  This  is  the  case  in  all  free-swinmiing  rotifers;  the  cilia 
are  the  main  organs  of  locomotion.  In  thus  moving  the  animals 
about,  the  dlia  of  course  play  as  important  a  part  in  food-getting 
as  when  they  bring  the  food  to  the  rotifer.  In  most  spedes  the 
dlia  act  in  both  ways  at  once,  bearing  the  animal  forward  and  the 
food  backward,  so  that  the  two  meet. 

4.  The  water  currents  remove  the  products  of  respiration  and 
excredon,  which  the  rotifer,  like  other  animals,  is  continually 
giving  off.  Carbon  dioxide  is  doubtless  given  off  over  the  whole 
surface  of  the  body,  while  other  waste  products  are  discharged  by 
the  contractile  vesicle  (see  p.  561).  If  these  waste  products  were 
allowed  to  accumulate,  they  would  be  most  injurious. 

While  these  are  the  main  uses  of  the  dlia,  they  assist,  in  a  num- 
ber of  rotifers,  in  other  important  operations,  such  as  the  con- 
struction of  a  tube  or  nest. 

The  further  course  of  the  food  may  now  be  followed.  The  mouth, 
situated  in  the  posterior  part  of  the  corona  (Fig.  859,  m),  leads  into 
a  cavity  with  thick,  muscular  walls,  known  as  the  mastax  (Figs.  856 
and  857,  mx).  The  mastax  is  armed  with  a  complicated  set  of  jaws, 
which  have  little  resemblance  to  jaws  found  anywhere  else  in  the 
animal  kingdom.     They  are  known  as  the  trophi  (Fig.  857,  A,  tr). 
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The  trophi  consist  of  a  number  of  pieces,  so  arranged  that  two  main 
parts  may  be  distinguished.  There  is  a  middle  portion,  somewhat 
fork-shaped,  which  is  known  as  the  incus  (Fig.  860,  in),  and  two 
lateral  parts  known  as  the  mallei  {ma). 

In  the  middle  portion  or  incus  may  be  distinguished  a  single 
basal  piece,  comparable  to  the  handle  of  the  two-tined  fork;  this 
basal  piece  is  known  as  the  fulcrum  (fu,  Fig.  860).  The  two  blade- 
like pieces  resting  on  it,  i.e,  the  tines  of  the  fork,  are  the  rami  (ra). 


The  rami  are  joined  to  the  fulcrum  in  such  a  way  that  they  may 
move  back  and  forth,  like  the  blades  of  a  pair  of  shears.  They 
often  bear  teeth. 

In  the  lateral  parts  or  mallei  one  may  likewise  distinguish  two 
parts.  The  basal  piece,  serving  as  a  sort  of  handle,  is  known  as  the 
manubrium  (Fig.  860,  ««).  Joined  to  the  top  of  this,  but  placed 
nearly  at  right  angles  to  it,  is  the  piece  known  as  the  uncus  (un); 
the  two  unci  usually  lie  across  the  tops  of  the  rami,  their  points 
meeting  in  the  middle.  Each  uncus  may  bear  one  or  more  points, 
or  a  number  of  sharp  ridges  serving  as  teeth.  The  food  passes 
between  the  teeth  of  the  unci  and  rami  and  is  cut  and  ground  by 
them.  The  jaws  are  worked  by  muscles  which  are  attached  to 
the  manubria  and  to  other  parts  of  the  apparatus;  these  muscles 
make  up  the  main  part  of  the  mastax. 

In  different  rotifers  the  trophi  vary  much  in  the  form  and  rela- 
tive development  of  the  typical  parts;  this  is  true  even  within  the 
Notommatidae.  There  are  two  main  lines  of  divei^nt  develop- 
ment: (i)  In  many  rotifers  the  parts  of  the  trophi  become  thick 
and  stout;  the  unci  are  broad  plates  bearing  a  number  of  ridges. 
Such  jaws  are  used  mainly  for  grinding,  and  are  said  to  belong  to  the 
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malleate  type  (Fig.  860,  ^4),  on  account  of  the  great  development  of 
the  mallei.  (2)  In  other  species  all  parts  of  the  trophi  are  long  and 
slender;  the  unci  end  in  a  single  sharp  point,  which  may  be  thrust 
out  of  the  mouth  to  seize  upon  living  prey.  The  two  rami  like- 
wise form  a  pair  of  strong,  blade-like  jaws.  Such  trophi  are  said 
to  belong  to  the  fordpate  type  (Fig.  860,  B) ;  they  are  found  in  active 
rotifers  of  predatory  habits.  There  exist  many  modifications  of 
these  two  types,  and  many  jaws  intermediate  between  the  two. 
Both  types  of  jaws  are  found  in  the  Notommatidae. 

The  mastax  usually  bears  near  its  posterior  end  a  pair  of  small 
glands  that  are  known  as  salivary  glands  (Fig.  856,  sg).  From  the 
mastax  the  food  passes  into  the  slender  esophagus  (Figs.  856  and 
^57)  ^)i  which  leaves  the  mastax  on  its  dorsal  side.  Through  the 
esophagus  the  food  reaches  the  large  stomach  (st),  where  digestion 
takes  place.  Attached  to  the  anterior  end  of  the  stomach  are  the 
two  large  gastric  glands  (gg).  From  the  stomach  the  undigested 
remnants  of  the  food  pass  back  into  the  straight  slender  intestine, 
and  thence  to  the  outside  at  the  cloacal  opening  (c).  This  lies  on 
the  dorsal  side  of  the  body,  above  the  foot. 

The  body  cavity  is  enclosed  by  but  a  single  layer  of  cells,  which 
form  the  body  wall,  so  that  each  cell  is  bathed  on  its  outer  surface 
by  the  outer  water  and  on  its  iimer  surface  by  the  fluid  of  the  body 
cavity.  By  this  arrangement  the  processes  of  respiration  are 
made  very  simple.  Oxygen  doubtless  passes  from  the  surround- 
ing water  through  the  single  layer  of  cells  into  the  body  fluid,  while 
the  waste  carbon  dioxide  produced  within  is  given  off  in  the  same 
way  to  the  outside.  . 

The  nitrogenous  waste  products  are  not  so  easily  eliminated  as 
is  the  carbon  dioxide;  for  removing  these  the  rotifers  have  a  set  of 
excretory  organs.  These  consist  of  fine  tubules  running  through 
the  body  cavity  at  the  sides  of  the  alimentary  canal  (see  Fig.  857, 
ex,  and  Fig.  861).  On  each  side  there  are  usually  two  tubes,  one 
with  thick  walls  (a),  the  other  with  very  thin  ones  (6).  These  two 
are  usually  connected  (c)  in  the  anterior  part  of  the  rotifer.  They 
commonly  bear  at  intervals  along  thdr  course  certain  minute 
club-shaped  organs  (Figs.  857,  B;  86i,/c).  These  are  dosed  at  their 
free  ends,  and  contain  within  them  either  a  vibrating  membrane 
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or  a  bunch  of  long  dlia.  The  membrane  or  the  bunch  of  cilia  is 
always  in  rapid  movement,  giving  the  appearance  of  a  minute 
flame,  so  that  these  structures  are  caUed  flame  cells.  The  cilia  or 
membrane  doubtless  serve  to  propel  a  current  through  the  tubes. 
In  many  rotifers  a  transverse  tube  in  the  head  region  unites  the 


Flc.  Ml.  Eicreloiy  otpma.  A,  Luimiaritt  mctalis  Ehr,.  (bowing  Ibe  tbln-wiUed  tube  a,  Ibe  Ibilk- 
willed  tub«  b.  the  tniuvene  conD«lin«  tube  c,  ind  Ibe  flanu  cdb/c,  HodiBed  from  ■  figun  by  Hl&vi. 
B,  Excretory  tubule*  o[  riKbt  Aide  In  Plouidvi^  tamp^Mtt^ia  Dobie.  a,  contnctOe  vetlcle;  Jc,  flalM 
cdiL    (Aitu  MoDtgomoy.) 

thin-walled  tubes  of  right  and  left  sides.    Often  all  the  tubes  are 
convoluted  in  their  course. 

There  is  reason  to  believe  that  the  walls  of  the  tubes  absorb  the 
nitrogenous  waste  matter  from  the  fluid  of  the  body  cavity.  This 
waste  matter  passes  backward,  driven  by  the  flame  cells,  to  the  region 
of  the  cloaca  (Figs.  856,  857,  c).  Here  is  found  in  most  rotifers  a 
small  sac  into  which  the  tubes  from  both  sides  enter.  This  sac  opens 
along  with  the  intestine  into  a  small  cavity  known  as  the  cloaca. 
The  sac,  or  contractile  vesicle  (cs),  as  it  is  called,  contracts  at 
intervals,  expelling  to  the  outside  the  fluid  with  which  the  tubes 
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have  filled  it.  The  contractions  take 
place  frequently,  so  that  a  lai^e  amount 
of  fiuid  is  e^ielled. 

Besides  its  organs  for  the  nutritive 
processes,  the  rotifer  has  of  course  or- 
gans for  caumg  and  controlling  move- 
ments. The  chief  organ  of  locomotion 
is  the  ciliated  corona.  By  its  aid  the 
rotifer  may  either  creep  along  over 
surfaces,  or  swim  freely  through  the 
water.  When  swimming  freely  the  ro- 
tifer usually  revolves  on  its  long  axis, 
so  as  to  follow  a  spiral  course  (Fig.  862). 
Changes  of  form  and  movements  of 
parts  of  the  body  are  brought  about 
by  many  slender  muscles  (Fig.  857,  C, 
ms).  These  muscles  are  either  applied 
closely  to  the  body  wall  or  pass  from 
the  body  wall  through  the  body  cavity 
to  other  parts.  The  muscles  are  often 
striated. 

An  important  organ  for  producing  or 
guiding  motion  is  found  in  the  foot 
with  its  toes.  The  foot  of  the  notom- 
matid  is  usually  short;  it  is  nothing 
more  than  that  part  of  the  body  be- 
hind the  cloaca.  It  usually  tapers 
somewhat,  but  is  not  clearly  marked 
off  from  the  rest  of  the  body,  as  it  is 
in  some  rotifers  of  other  families.  At 
its  posterior  end  it  bears  side  by  side 
the  tapering,  pointed  toes,  which  are 
usually  small  in  the  Nbtommatidae. 
The  toes  serve  as  a  steering  apparatus 
in  swimming,  and  as  points  of  sup- 
port and  attachment  in  creeping.  For 
'^S'mK'^^n'L^o^^'v,;   attachment  the  toes  are  supplied  with 
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two  glands  lying  in  the  foot  (Figs.  856  and  857,  mg);  these  secrete 
a  sticky,  tenacious  mucus,  which  may  be  discharged  either  at  the 
tip  of  the  toes,  or  at  their  base,  so  as  to  flow  out  over  their  surface. 
By  this  mucus  the  rotifer  may  attach  itself  loosely  to  objects  of 
various  sorts,  so  that  the  movements  of  its  cilia  may  continue  to 
bring  food  to  the  mouth  without  carrying  the  rotifer  away  from 
its  anchorage.  Often  the  mucus  is  drawn  out  to  form  a  long 
thread,  like  that  produced  by  a  spider;  fr<mi  this  thread  the  rotifer 
remains  as  it  were  suspended,  swinging  about  from  side  to  side  at 
a  distance  from  the  point  of  attachment,  but  not  breaking  away 
from  it  completely.  At  dmes  the  rotifer  spins  out  behind  it  a 
thread  of  mucus  as  it  progresses  slowly  through  the  water;  this 
thread  steadies  its  course  and  keeps  it  connected  with  its  point  of 
departure.  The  foot  and  toes  are  modified  in  many  ways  in  other 
groups,  as  will  be  seen  later. 

For  controlling  motion  the  rotifer  has  a  nervous  system  and  a 
number  of  sense  organs.  The  chief  part  of  the  nervoxw  system  is  a 
large  ganglion  known  as  the  brain  (br),  lying  on  the  dorsal  side, 
just  above  the  mastajc,  at  the  anterior  end.  From  the  brain 
nerves  pass  in  many  directions  to  the  various  organs  of  the  body. 

Several  different  kinds  of  sense  organs  are  found  in  the  rotifers. 
In  some  part  of  the  anterior  end,  usually  attached  to  the  brain, 
there  are  usually  one  or  two  red  pigment  spots;  these  are  supposed 
to  be  organs  of  light  perception,  and  are  known  as  eye-spots  («). 
In  a  few*  cases  three  or  more  of  these  are  found.  Sometimes  the  eye- 
spots  are  not  attached  directly  to  the  brain,  but  are  connected  with 
it  by  nerves  (for  example,  in  the  genus  Rotifer).  The  eye-spots 
sometimes  bear  on  their  anterior  surfaces  hemispherical  crystalline 
lenses.    In  some  rotifers  eye->spots  are  lacking. 

Many  rotifers  bear  sense  organs  of  various  kinds  on  the  corona 
(see  for  example  tie  corona  of  Synchaela,  Fig.  883,  or  of  Hydalina, 
F^.  906,  B).  Such  sense  organs  are  less  common  in  the  Notomma- 
tidae  than  in  more  specialized  rotifers. 

I  Ahnost  all  rotifers  have  a  pair  of  sense  organs  on  the  sides  of 
'the  body  behind  the  middle;  these  are  known  as  the  lateral  an- 
tennae (Fig.  857 ,  C,  la) .  Either  another  antenna,  or  a  pair  of  them, 
is  found  on  the  dorsal  surface  of  the  head,  just  above  the  brain; 
these  are  known  as  the  dorsal  antennae  (Figs.  856  and  857,  da). 
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The  organs  of  reproduction  are  still  to  be  considered.  Most  of 
the  rotifers  commonly  seen  are  fonales,  as  the  males  are  very 
minute  and  rare.  In  the  Notommatid&e,  as  in  most  other  rotifers, 
there  is  a  single  large  reproductive  body,  commonly  spoken  of  as 
the  ovary,  or  sometimes  as  the  germarium.  This  lies  ventral  to  the 
intestine,  in  the  posterior  third  of  the  body  (Figs.  856  and  857,  ov). 
It  consists  of  two  portions,  of  different  fimctions.  The  large  part 
contains  a  small  number  of  large  nuclei,  often  just  eight;  this  por- 
tion prepares  the  yolk  for  the  developing  egg,  so  that  it  is  called 
the  vitellarium.  At  one  end  or  side  of  this  vitellarium  is  a  small 
mass  containing  many  minute  nuclei.  From  this  part  the  egg 
develops,  the  small  nuclei  becoming  'each  the  nucleus  of  an  egg. 
This  part  is  known  as  the  germarium,  since  it  produces  the  e^  or 
germ.  From  the  ovary  a  thin-walled,  sac-like  passageway,  the 
oviduct,  leads  backward  to  the  cloaca;  by  it  the  egg  is  discharged. 
The  oviduct  can  be  seen,  as  a  rule,  only  with  great  difficulty. 

In  most  rotifers  the  males  are  small  and  degenerate.  But  in 
some  of  the  Notommatidae,  as  well  as  in  a  few  other  ^ecies,  they  are 
nearly  as  well  developed  as  the  females,  and  resemble  them  in 
structure.  In  Proales  wemeckii  (Fig.  856),  which  lives  within  Vau- 
cheria  filaments,  the  male  is  as  large  as  the  female,  but  the  ali- 
mentary canal  is  not  quite  so  well  developed.  In  Rhinops  vitrea 
(Fig.  863),  the  male  is  smaller 'than  the  female  but  not  otherwise 
degenerate,  while  in  the  aberrant  rotifers  known  as  the  Seisonacea 
males  and  females  are  alike,  save  for  the  reproductive  organs.  In 
most  other  rotifers  the  minute  males  either  lack  the  alimentary 
canal  entirely  or  have  only  vestiges  of  it  (see  Fig.  864).  In  idl 
cases  in  the  male  in  place  of  the  ovary  is  found  a  sac,  the  sperma- 
rium  {sp),  in  which  many  ^>ermatozoa  are  seen  swimming  about. 
The  sac  extends  backward  as  a  large  tube,  ending  in  a  ciliated 
opening  from  which  the  spermatozoa  are  discharged.  That  por- 
tion of  the  tube  bearing  the  opening  may  be  protruded  as  a  copu- 
latory  organ. 

The  chief  structures  of  a  typical  rotifer  have  now  been  described, 
mainly  as  shown  in  the  Notommatidae.  Next,  the  Rotifera  as  a 
whole  will  be  surveyed  and  the  different  groups  examined  rapidly 
to  note  how  these  difFer  from  the  notommatids  and  from  one  an- 
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other.  Such  a  survey  gives  strongly  the  impression  that  the  other 
rotifers  have  been  derived  by  various  modihcations  from  rotifers 
having  in  general  the  characteristics  of  the  Notonunatidae.  Space 
will  not  permit  setting  forth  in  detail  the  grounds  for  this  impres- 
sion, nor  will  it  allow  describing  the  many  forms  tranational  be- 
tween the  Notommatidae  and  other  groups.     But  in  giving  an 
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accoimt  of  the  other  rotifers,  they  will  be  grouped  about  the  No- 
tommatidae in  the  way  which  appears  to  be  called  for  by  the  facts.' 

'  This  follows  mainly  Wesenberg-Lund  (1899),  «hb  has  developed  a  classification 
of  the  Rodfera  based  oa  their  origin  from  Notommatoid  foiias.  While  this  classifi- 
cation has  Dot  thus  far  been  commonly  employed,  the  same  can  be  said  of  any  otlier 
classification  that  has  been  proposed.  The  writer  is  convinced  that  the  classification 
given  by  Wesenberg-Lund  is  the  only  really  natural  one  and  that  its  use  is  a  great 
aid  to  an  understanding  of  the  Rotifera;  he  has  therefore  employed  it.  It  should  be 
notni,  however,  that  the  arrangement  here  given  difieis  In  many  details  from  that  of 
Weaenberg-Liaid,  as  the  advance  of  knowledge,  or  the  writer's  own  experience,  seems 
to  require.  No  scheme  of  classification  can  be  completely  fixed  until  knowledge  of 
the  omnisms  to  be  classified  is  infinitely  more  complete  than  is  the  present  knowledge 
of  the  Rotifen. 
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1.  Notommatidae.  It  will  be  helpful  first  to  notice  ysmt  of  the 
chief  variatioDS  of  type  among  the  Notommatidae  themselves. 
The  simplest,  most  muHfferentiated  rotifers  that  exist  are  those 
commonly  classed  in  the  genus  Proales.  They  have  snail,  soft 
bodies,  nearly  cylindrical,  and  obscurely  segmented  externally 
(Fig.  856).  The  foot  and  toes  are  short.  The  a>rona  is  a  unifonnly 
dilated,  nearly  plane  surface  on  the  ventral  side  and  anterior  end 
(Fig.  859).  Tliese  rotifiers  are  small,  sluggish  creatures,  very  numer- 
ous, but  not  differing  greatly  among  themselves,  so  that  the  species 
are  hard  to  distinguish  and  students  of  the  rotifiers  have  paid 
little  attention  to  them.  In  other  species  of  the  Notommatidae 
the  corona  has  become  diSerentiated  in  a  peculiar  way,  fonoing 
the  so-called  auricles;  these  spades  are  classed  mainly  in  the  genus 
Notommata.  The  auricles  are  portions  of  the  ciliated  area  set  off 
prominently  on  each  side  of  the  corona  and  bearing  stronger  dlia 
(Fig.  857,  it);  they  serve  to  enable  the  animal  to  move  more  rapidly. 
In  the  Amplest  cases  the  aurides  are  directly  a>atinuous  with  the 
rest  of^the  ciliated  disk,  as  in  Notommata  aurita  (Fig.  878).  In  other 
cases  there  is  a  space  without  cilia  between  the  disk  and  the  auri- 
des (Fig.  881).  The  auricles  are  commonly  kept  contracted  when 
the  animal  is  creeping  about,  so  that  their  existence  would  not  be 
suspected.  But  when  the  animal  prepares  to  swim  through  the 
water  it  unfurls  these  aurides  and  sails  away.  The  spedes  of 
Notommata  are  more  active  than  Proales,  and  there  are  greater 
differences  among  the  different  members  of  the  genus. 

2.  Sytukaetidae.  A  line  of  divergence,  consisting  essentially  in  a 
greater  development  of  those  characteristics  of  Notommata  which 
give  it  rapidity  of  movement,  leads  to  the  production  of  what 
is  commonly  classed  as  a  different  family,  —  the  Synchaetidae 
(Fig.  880).  In  Synchaela  the  entire  corona  is  very  large, 
occupying  the  large  end  of  the  cone-shaped  body,  while  the 
aurides  are  highly  devdoped,  forming  powerful  swimming-  organs 
which  are  set  off  at  a  distance  from  the  remainder  of  the  co- 
rona. By  the  aid  of  these  aurides  the  spedes  of  Synchaeta  dash 
about  with  such  rapidity  that  they  can  hardly  be  followed  with  the 
microscope.  (See  the  monographic  study  of  the  Synchaetidae  by 
Roussdet,  1902.) 
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A  further  development  of  this  line  is  seen  in  Polyarlkra  (Fig.  882). 
Here  powerful  swimming  orgaas  have  developed  in  the  form  of 
appendages  along  the  sides  of  the  body,  while  the  auricles  have  dis- 
appeared. The  animal  never  attaches  itself,  so  that  the  disap- 
pearance of  the  foot  is  complete.  In  Anarthra  (Fig.  885)  we  find 
precisely  a  Polyarlkra  that  has  not  yet  developed  the  appendages, 
or  that  has  lost  them  (?). 

Synchaeta  and  Polyarlkra  are  typical  open-water  rotifers,  consti- 
tuting important  elements  of  the  plankton. 

To  introduce  the  families  of  Rotifera  next  to  be  considered,  it 
is  necessary  to  return  to  certain  features  of  the  Notommatidae. 
Many  of  the  spedes  of  that  family  show  a  very  slight  tendency  to 
a  stifiening  of  the  cuticulaj  so  that  the  body  retains  a  somewhat 
definite  form,  often  a  little  angular.  Such  notommatids  are  classed 
in  the  genus  Furctdaria  (Fig.  870).  These  are  usually  more  active 
than  Proales  or  Nolommata,  and  have  longer,  stiffer  toes.  By 
accentuation  of  these  features  of  Furcularia,  and  by  further  spe- 
cialization, there  are  formed  several  families  of  free-swimming 
rotifers: 

3.  Salpinidae.  The  cuticula  becomes  more  hardened,  and  three 
or  four  longitudinal  furrows  are  formed,  one  in  the  dorsal  middle 
line,  one  on  each  side,  and  sometimes  a  weak  one  in  the  ventral 
middle  line.  Thus  there  is  produced  a  sort  of  armor  or  lorica, 
composed  of  three  or  four  plates  (Figs.  886,  887).  Such  loricas  are 
seen  in  most  pronounced  form  in  Salpina  (Fig.  886).  But  every 
possible  intermediate  gradation  exists,  leading  from  Furcularia  to 
Salpina.  The  intermediate  steps  are  mostly  classed  in  the  genus 
Diaschisa  (Fig.  S87) ;  here  the  cuticula  is  only  slightly  stiffened,  and 
the  longitudinal  clefts  are  little  marked.  The  species  of  Diaschiza 
are  many  of  them  hardly  distinguishable  from  Furcularia  or  even 
from  Nolommaia;  they  were  formerly  classed  in  these  two  genera. 
In  Salpina  the  lorica  is  strongly  developed  and  bears  long  spines 
or  teeth.  Diplois  and  Diplax  stand  between  Dtasckiza  and 
Salpina,  having  strong  loricas  but  no  teeth.  There  is  thus  a 
continuous  series  from  the  Notommatidae  to  Salpina.  The  Sal- 
pinidae are  common  amid  vegetation.  (See  the  Monograph  on 
Diasckiza  by  Dixon-Nuttall  and  Freeman,  1903.) 
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4.  Euchlanidae.  Another  line  of  divergence  leads  from  the  No- 
tommatidae,  probably  likewise  through  Furcttlaria,  to  ZHstyla, 
Catkypna,  Monostyla,  and  Eucklanis,  —  forming  the  family  Euch- 
lanidae. The  first  steps  in  this  series  are'  seen  in  those  species  of 
Distyla  in  which  the  body  is  soft,  wrinkled,  and  only  a  little  flat- 
tened (Fig.  890).  In  the  extended  condition  these  are  hardly  to  be 
distinguished  from  small  species  of  Furcularia.  But  when  re- 
tracted there  is  a  tendency  to  form  lateral  furrows  along  the  side, 
while  a  sharp  edge  is  seen  in  front  (Fig.  890,  B) .  In  other  species  of 
Distyla  (Fig.  891)  these  differentiations  are  permanent  and  the  cutic- 
ula  forms  an  evident  lorica,  consisting  of  a  dorsal  and  a  ventral  plate. 
This  line  of  evolution  shows  its  highest  development  in  Eucfdanis 
(Fig.  893}.  The  Euchlanidae  are  common  among  aquatic  vegetation. 

5.  Coluridae.  This  group  resembles  the  Euchlanidae,  but  has 
probably  developed  from  the  Notommatidae  s^arately.  The 
hardened  cuticula  here  forms  a  solid  lorica,  open  at  each  end  for 
head  and  foot;  sometimes  the  cuticula  is  not  hardened  on  the 
ventral  surface.  A  portion  of  the  lorica  extends  out  over  the 
head  as  a  sort  of  hood  (Fig.  901).  Melopidia  (Fig.  901),  Colurus 
(Fig.  900),  and  Stepkanops  (Fig.  899)  are  the  principal  genera;  they 
are  all  minute,  creeping  about  among  plants  and  debris. 

6.  Ratlulidae.  A  fifth  line  of  divergence  leads  from  the  Notom- 
matidae to  thegenera  Diurella  (Fig.  895)  indRatlidus  (Figs.  896, 897). 
The  cuticula  of  the  nearly  cylindrical  body  becomes  hardened  over 
nearly  the  entire  surface,  so  as  to  form  a  curved,  pipe-like  structure, 
with  openings  for  the  protrusion  of  head  and  foot.  The  less  differ- 
entiated Rattulidae  (Diurella,  Fig.  895)  resemble  greatly  the  lower 
Notommatidae,  having  the  cuticula  only  a  little  stiffened  and  toes 
differing  but  little  from  those  of  Furcularia.  But  this  Une  runs  into 
extremely  bizarre  forms.  The  animals  tend  to  become  unsymmet- 
rical,  the  organs  of  the  right  side  being  smaller,  while  the  body 
becomes  in  some  cases  twisted  into  a  segment  of  a  spiral.  The 
right  toe  becomes  enormously  extended  to  form  a  long  rod-like 
structure,  while  the  left  toe  nearly  disappears  (Figs.  896,  897).  The 
right  side  of  the  trophi  (Fig.  898)  becomes  smaller  than  the  left. 
The  Rattulidae  are  common  among  vegetation.  (See  the  mono- 
graph  of  this  family  by  the  present  writer  (Jennings,  1903).) 
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7.  Dinochofidae.  Scaridium  (Fig.  903)  is  perhaps  essentially  a 
Furcuiaria  which  has  developed  a  long  foot  and  long  toes,  for  leap- 
ing (compare  Furcuiaria  lon^eta,  Fig.  871).  Dinockaris  (Fig.  904) 
and  Potychaetus  (Fig.  905)  are  perhaps  further  developments,  some- 
what divergent,  along  the  same  line.  All  these  animals  are  given  to 
qiringing  about  wildly  by  the  aid  of  powerful  strokes  of  the  foot 
and  toes;  the  same  habit  is  found  in  various  species  of  Furcuiaria. 

Next  may  be  taken  up  a  line  of  divergeiice  from  the  central 
Notommatidae  that  leads  to  some  extraordinary  forms.  It  pro- 
duces the  great  families  of  the  Hydatinidae,  the  Notopsidae,  the 
Ploesomidae,  and  the  Brachionidae,  with  their  relatives.  Here  de- 
velopment has  proceeded  both  toward  greater  strength  and  activity 
and  toward  protective  armor,  so  that  the  result  is  to  produce  some 
of  the  most  powerful  and  ferocious  rotifers  that  exist. 

8.  Hydatinidae.  The  dose  connection  with  the  Notommatidae 
is  seen  in  the  Hydatinidae.  The  well-known  rotifer  Bydatina  smla 
(F^.  906)  was  formerly  classed  with  the  Notommatidae.  It  has  a 
soft,  segmented  body,  small  foot  and  toes,  ventral  corona,  —  all  as 
in  the  primitive  genus  Proales.  But  the  corona  (Fig.  906,  B)  is 
targe  and  differentiated  in  a  way  that  is  characteristic  for  the 
families  making  up  the  present  group.  Around  the  outer  edge  of 
the  corona  the  dlia  form  a  prominent  wreath,  while  about  the 
mouth  is  another  series  of  dlia  so  interrupted  as  to  form  three 
groups,  one  dorsal  and  two  lateral  (Fig.  906,  B).  In  the  region 
between  the  outer  and  inner  series  of  dlia  are  certain  prominences 
(three  in  Hydatina),  on  which  the  dlia  have  become  long,  stiflf 
setae,  doubtless  serving  as  sense  organs.  The  coronal  area  between 
the  parts  thus  far  mentioned  retains  in  Hydatina  senia  a  portion  of 
the  covering  of  fine  dlia  primitively  found  in  Proales;  in  most  other 
members  of  this  group  these  fine  dlia  have  quite  disappeared. 
The  jaws  are  of  the  peculiar  type  shown  in  Figure  906,  C. 

9.  Notopsidae.  The  next  step  in  differentiation  is  seen  in  Noleps 
{01  Hydatina)  brackionus  (Fig.  909).  The  cuticula,  while  still  soft, 
has  become  a  little  stiffened,  so  that  the  body  tends  to  hold  its 
form;  the  foot  is  more  prominent. 

The  next  steps  seem  to  be  as  follows:  Notopsdavul<Uus(^\g.^T.2) 
and  Triphylus  lacustrts  (Fig.  908)  are  rotifers  showing  still  the  soft 
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body  of  the  Notonunatidae,  but  approaching  the  definite  pennanent 
form  found  in  Ploesoma.  The  corona  (Fig.  91 2,  B)  is  much  like  that 
of  HydaltTia,  save  that  the  fine  ciliatibn  of  the  general  surface  has 
disappeared.  Notops  pelagtcus  (Fig.  910)  shows  a  further  step  in 
the  same  direction;  the  cuticula  is  here  stiffened  to  form  a  thin 
tran^>arent  lorica,  of  sufficient  stiffness  to  form  angles  and  teeth, 
though  with  by  no  means  the  thickness  and  soUdity  found  in 
Ploesoma  and  Brachionus. 

From  Notops  pdagUus  it  is  but  a  short  step  in  one  direction  to 
Gaslropus  and  Ploesoma,  in  another  to  Brachionus. 

10.  Gaslropodidae.  The  transition  from  Notops  to  Gastropus  is 
shown  by  Gastropus  hyptopus  (Fig.  915),  which  was  originally  con- 
sidered a  species  of  Notops,  and  which  if  it  stood  by  itself  would 
still  be  placed  in  that  genus.  The  lorica  is  here  soft,  the  body 
short  and  thick.  The  lorica  becomes  more  marked,  and  the  other 
peculiarities  more  pronounced  in  the  other  spedes  of  Gastropus, 
Gaslropus  styli/er  (Fig.  917)  forming  the  extreme  in  this  direc- 
tion. 

11.  Anapodidae.  Probably  derived  from  forms  similar  to  GaS' 
tropus  by  a  process  of  reduction  are  the  spedes  of  Anapus  (Fig.  91 1), 
in  which  the  foot  is  lacking,  the  corona  small  and  simple. 

12.  Ploesomidae.  The  ^>edes  of  Ploesoma  (Figs.  918  to  920)  are 
dosely  related  to  Notops  and  Gastropus.  Ploesoma  truncatum  (Fig. 
920)  shows  a  lorica  only  a  little  stronger  than  tliat  of  Notops  pd- 
agicus,  and  resembling  that  of  Gastropus  hyptopus,  though  it  has 
many  irreguhir  wrinkles.  In  other  swedes  of  Ploesoma  the  lorica 
becomes  stronger  and  marked  in  very  peculiar  ways.  Ploesoma 
lenticulare  (Fig.  gi8)  and  P.  hudsoni  (Fig.  919)  are  among  the  most 
active  and  powerful  of  the  predaceous  Rotifera.  They  tear  thdr 
way  through  the  water  at  a  furious  rate,  darting  from  side  to  ^de, 
and  seizing  and  devouring  with  their  powerful  jaws  other  rotifers 
with  which  they  come  in  contact.  The  Ploesomidae  are  among  the 
most  important  plankton  organisms. 

13.  Brachionidae.  From  Bydattna  and  Notops  to  Brackionus 
the  step  is  perhaps  still  shorter  than  to  Gastropus  and  Ploesoma. 
In  Brachionus  (Figs.  922,  933)  the  three  prominences  that  surrotmd 
the  mouth  in  Eydalina  and  Notops  (see  Figs.  906,  910)  have  become 
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mudi  developed,  so  that  they  stand  high  above  the  general  surface 
of  the  corona  (Fig.  933).  The>'  partly  enclose  a  sort  of  funnel, 
open  on  the  ventral  side,  which  leads  down  to  the  mouth.  In 
most  species  of  Brackionus  the  integument  has  become  very  thick 
and  hard,  so  as  to  form  a  stout  lorica,  often  bearing  spines  or  teeth 
(Fig.  921).  But  Brackionus  mollis  Hempel  (Fig.  925)  marks  the 
tranation  in  this  respect,  the  integument  being  merely  a  little 
stiffened  and  without  spines  or  teeth.  In  Bracki&nus,  as  in  Ploesoma 
and  Gastropus,  the  stout  foot  is  marked  with  rings.  The  jaws  are 
constructed  on  much  the  same  plan  throughout  all  these  groups. 

The  Brachionidae  are  among  the  most  numerous  of  the  rotifers 
foimd  in  ponds  and  pools  amid  vegetation.  Some  of  the  species 
are  extremely  variable. 

14.  Anuraeidae.  An  offshoot  of  the  Brachionidae  is  found  in  the 
Anuraddae  (Figs.  913,  916).  The  general  organization  is  the  same 
as  in  Brackionus,  but  the  foot  has  been  lost,  though  in  the  males 
(Fig.  9r3,  C)  it  is  retained.  The  lorica  shows  in  some  species  of 
Nt^hoka  a  tendency  to  run  into  bizarre  forms  (Fig.  916).  The 
Anuraeidae  are  among  the  ccmunonest  of  the  rotifers  of  the  plank* 
ton;  they  vary  extremely  with  seasonal  and  other  changes. 

15.  Asplancknidae.  The  group  diverging  by  way  of  Hydatina 
is  now  left,  and  another  offshoot  of  the  Notommatidae  taken  up. 
In  the  Asplanchnidae  the  body  remains  soft,  but  becomes  large  and 
inflated,  while  the  foot  disappears;  the  jaws  are  of  a  remarkable 
type  known  as  the  incudate  (Fig.  929,  B),  and  the  alimentary  canal 
loses  its  posterior  opening  (see  Fig.  929,  A),  the  undigested  waste 
being  disgorged  through  the  mouth.  But  one  hnds  in  all  these 
respects  forms  transitional  between  the  Notommatidae  and  the 
Asplanchnidae.  Thus,  Asplancknopus  (Fig.  927)  retains  the  foot, 
though  it  lacks  the  intestine,  and  has  the  characteristic  jaws  of  this 
family.  Harringia  (Fig.  928)  retains  not  merely  the  foot,  but  like- 
wise the  intestine.  Its  corona  is  like  that  of  Asplanckna  while  its 
jaws  (Fig.  938,  B)  are  squarely  intermediate  between  the  usual  form 
and  the  incudate  type  characteristic  of  Asplanckna.  The  typical 
incudate  jaws  consist  mainly  of  the  very  large  incus  (fulcrum  and 
rami),  the  mallei  having  nearly  or  quite  disappeared;  but  in  Har- 
ringia all  the  typical  parts  of  the  jaws  are  dearly  seen. 
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The  typical  Asplanchnas  axe  beasts  of  prey,  the  jaws  forming  a 
great  pair  of  forceps  which  can  be  thrust  from  the  mouth  to  seize 
other  large  animals.  Asplanckna  kerrickii  de  Gueme  and  A.  pri- 
odonla  Gosse  (Fig.  939)  are  important  elements  of  the  plankton  of 
lakes.  In  the  Great  Lakes  they  sometimes  swaim  so  densely  that 
a  net  dipped  into  the  water  captures  thousands.  Other  species  of 
the  Asplanchnidae  live  among  water  plants. 

16-18.  Floscularida.  Now  come  certain  groups  of  rotifers  that 
seem  at  first  view  to  differ  markedly  in  almost  every  respect  from 
thenotommatids.  TheFlosculariidae(Figs.933 10936)  live  attached 
in  tubes.  The  foot  has  become  a  stalk  for  attachment;  there  are 
no  toes.  The  corona  is  inmiensely  large,  forming  a  great  lobed 
net  of  thin  membrane,  which  can  be  spread  widely  and  serves  to 
capture  living  prey;  the  mouth  lies  in  the  center  at  the  bottom  of 
this  net.  The  cilia  about  the  edge  of  the  corona  have  beonne  enor- 
mously long  and  slender  rods  or  threads,  which  do  not  beat  as  dlia 
usually  do,  but  may  be  moved  about  so  as  to  aid  in  entangling  prey. 
In  connection  with  the  method  of  feeding  on  large  animals  thus  cap- 
tured, the  alimentary  canal  (Fig.  934)  has  become  greatly  devel- 
oped. The  upper  part  of  the  coronal  net  forms  a  great  funnel,  called 
the  infundibulum  (t),  partly  closed  off  below  by  a  ring-like  fold, 
the  diaphragm  (d),  which  has  about  its  edge  an  interrupted  cir- 
clet of  cilia.  The  opening  through  the  diaphragm  leads  into  a 
second  chamber,  the  vestibulum  (v),  at  the  bottom  of  which  b  the 
mouth  (m) .  From  the  mouth  there  hangs  the  slender  esophageal 
tube  (0)  ending  freely  below.  The  food  after  passing  through  this 
reaches  a  third  large  cavity,  the  proventriculus  (pr).  It  is  only  at 
the  posterior  part  of  this  that  the  mastax  (mx)  and  jaws  are  reached ; 
so  that  all  thus  far  seen  corresponds  merely  to  the  short  mouth 
cavity  lying  in  front  of  the  jaws  in  other  rotifers.  The  trophi 
(Figs.  934  and  933,  D)  are  peculiarly  modified,  the  unci  forming  a 
pair  of  two-tined  forks  which  are  the  main  part  of  the  jaws,  thou^ 
the  other  typical  parts  can  be  distinguished. 

The  Flosculariidae  include  two  genera,  Floscularia  (Figs.  933  to 
936)  and  Slephanoceros  (Fig.  937).  The  numerous  species  are  found 
abundantly  seated  in  transparent  tubes  attached  to  plants;  they 
are  among  the  most  attractive  objects  known  to  mlcroscopists 
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(cf.  p.  553).  Of  SUphanoceros  there  is  but  one  species  (Fig.  937), 
while  of  Flosctdaria  there  are  many,  varying  extremely  in  the  form 
of  the  corona.  A  few  species  have  become  free  and  swim  about 
in  the  open  water  (Fig.  935).  The  "fact  that  they  bear  their  tubes 
with  them  shows  that  the  free  life  has  been  secondarily  acquired, 
after  the  animals  had  become  adapted  to  the  attached  condition. 
All  young  Floscularias  swim  about  for  a  time  by  means  of  moving 
cilia,  just  as  do  other  rotifers.  The  males  (Fig.  933,  B)  are  free- 
swimming  throughout  life. 

What  relationship  have  the  Flosculariidae  to  the  Qpical  rotifers 
foimd  in  the  Notommatidae?  It  must  be  remembered  that  not 
all  Flosculariidae  have  the  extraordinary  forms  shown  in  Figs.  933 
and  937.  In  some,  the  borders  of  the  corona  are  not  drawn  out 
into  lobes,  but  are  smooth,  as  in  other  rotifers  (see  Fig.  936).  In 
others  the  ciha  of  the  coronal  edge  are  all,  or  partly,  short  and  beat 
regularly,  like  those  of  other  rotifers;  and  about  the  mouth  is  the 
same  circlet  of  cilia  found  in  other  rotifers.  Such  Floscularias 
approach  much  more  nearly  to  the  typical  Notommatidae  than  do 
the  extreme  developments  along  this  line  seen  in  Stephanoceros 
and  certain  species  of  Flosctdaria. 

Furthermore,  among  close  relatives  of  the  notommatids  are  cer- 
tain rotifers  that  seem  to  show  transitional  stages  leading  to  the 
Flosculariidae.'  In  Microcodides  and  in  Microcodon  (Fig.  931),  the 
corona  is  formed  on  essentially  the  same  plan  as  in  the  Floscularias, 
and  there  are  other  peculiarities  that  seem  to  show  that  these  are 
transitional  forms.  In  Microcodon,  as  in  Flosctdaria,  the  corona 
is  the  broadest  part  of  the  body;  it  has  elevated  edges,  approaching 
the  net  formation,  and  the  mouth  is  in  its  center,  with  an  inter- 
rupted circlet  of  dlia  about  it.  The  foot  in  Microcodon  as  in  Flos- 
ctdaria forms  a  sort  of  long  slender  stalk,  not  ending  in  toes.  But 
in  Microcodon  it  ends  in  a  sharp  point,  while  in  Flosctdaria  it  ends 
in  a  disk;  this  is  doubtless  because  the  fonner  is  still  a  free  animal, 
white  the  latter  is  attached.  It  is  a  most  suggestive  fact  that  Mi- 
crocodon frequently  places  itself  in  the  upright  position,  with  the  toe 
attached  by  a  thread  of  mucus,  and  thus  remains  for  a  time  in  a  cer- 
tain spot;  such  habits  might  readily  lead  to  permanent  attachment. 
'  These  important  consideratiom  aie  due  to  Weseaberg-Luikd  (1S99). 
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All  together,  Microcodon  seems  to  form  a  link  between  the  Flos- 
culariidae  and  the  Notommatidae.  Microcodon  itself  is  closely 
connected  with  the  Notommatidae  by  the  transitional  species  be- 
lon^ng  to  the  genus  Microcodides  (Fig.  932)-  These  have  corona, 
body,  and  toes  more  nearly  on  the  notommatoid  plan.  The  two 
genera  make  up  the  family  Microcodonidae. 

Specialization  going  even  beyond  that  in  the  Flosculariidae  is 
seen  in  Apsilus  (Fig.  938)  and  Atrochus  (Fig.  939).  In  these  ex- 
traordinary rotifers  the  cilia  have  been  completely  lost.  The 
complicated  structuro  of  the  alimentary  canal  shows  their  close 
relationship  to  the  Flosculariidae.  In  the  young  the  cilia  still 
exist,  and  the  animals  swim  about  by  their  aid. 

19-33.  Mdicerlida.  Another  group  of  extraordinary  and  at- 
tractive rotifers  is  that  of  which  Melkeria  (Fig.  948)  is  the  repre- 
sentative. These  were  formerly  classified  with  the  Flosculariidae, 
the  two  forming  the  group  Rhizota.  But  it  is  evident  that  the 
two  families  differ  widely,  and  that  the  group  Rhizota  is  not  a 
natural  one.  The  Melicertidae  are  found,  like  the  floscules,  at- 
tached to  aquatic  plants,  often  in  great  numbers.  Many  live  in 
tubes,  and  the  species  of  Mdiceria  manufacture  their  tubes  in  a 
most  interesting  manner,  as  is  well  described  in  Hudson  and  Gosse 
(1889)- 

The  most  important  peculiarity  of  the  Melicertidae  is  perhaps 
the  corona.  This  is  a  large  disk,  bare  within,  but  having  around 
its  outer  edge  a  series  of  strong  cilia,  just  as  in  many  other  rotifers. 
But  in  this  group  is  found  a  special  peculiarity.  This  outer  wreath 
is  differentiated  into  two  series  of  cilia,  running  parallel  around  the 
disk  (Fig.  865).  The  inner  series  has  much  larger  dlia  than  the 
outer  one,  and  between  the  two  is  found,  in  most  cases,  a  groove. 
This  groove  is  often  lined  with  fine  dUa.  Along  the  groove  small 
food  particles  are  carried  to  the  mouth,  situated  on  the  ventral 
side.  In  some  genera  the  disk  is  drawn  out  to  form  two,  four, 
or  eight  lobes,  giving  the  animal  an  extraordinary  a[^>earance 
(Fig,  950) ;  in  other  cases  it  is  nearly  circular  (Figs.  S65,  951, 952). 
Throughout  this  group  the  jaws  are  of  a  peculiar  type  (Fig.  866  ), 
known  as  the  malleo-ramate.    As  a  rule  the  animals  have  two  eyes. 

The  more  extreme  types  of  this  group  seem  to  stand  far  from 
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the  typical  free-swinuning  rotifers.  Yet  again,  as  in  most  other 
cases,  free-swimming  species  form  a  transition  to  these  extreme 
types.  One  finds  the  same  peculiar  corona,  the  same  remaikable 
type  of  jaws,  and  various  other  features  in  common  with  the 
Melicertidae,  in  a  number  of  free-swimming  rotifers.  These  in- 
clude thegenera  Pterodina  (Fig.  942),  Pompholyx,  Pedalion  (Fig.  946), 


B  et  Lacinidaria  itcUlti  Ehr. 


B.  Side  view.    (Alta  WocDben-Lund. 


Triarlkra  (Fig.  944),  and  Tetramastix  (Fig.  945).  These  rotifers  are 
the  only  ones  that  have  corona  and  jaws  like  those  of  the  Meli- 
certidae, and  they  agree  with  them  in  many  other  particulars. 
Thus,  all  have  two  eyes,  while  most  other  rotifers  have  but  one. 
In  all  there  is  either  no  foot,  or  it  is  a  peculiar  one,  lacking  the 
characteristic  toes.  In  Pterodina  the  foot  ends  in  a  bundle  of 
dlia,  and  this  is  likewise  true  of  the  young  of  the  Melicertidae.    In 
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many  Melicertidae  there  is  below  the  mouth  a  peculiar  fold  of  in- 
tegument forming  the  so-called  "chin"  which  plays  a  part  in  the 
formation  of  the  pellets  used^for  building  the  tubes.  This  chin 
is  likewise  found,  in  a  slightly  less  developed  condition,  in  Pedai' 
ion  (Fig.  946,  ch)  and  tn  Triarlkra,  while  nothing  of  the  sort  is 
found  outside  the  present  group.  The  remarkable  similarity  of 
corona,  jaws,  eyes,  and  other  features  seems  to  demonstrate  clearly 
that  all  these  free-swimming  rotifers  are  closely  related  to  each 
other  and  to  the  Melicertidae. 
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The  free-swiminlng  members  of  the  group  have  deve]q>ed  a 
ntmiber  of  striking  external  peculiarities,  due  to  difiFerences  in  the 
mode  of  life.  Plerodina  (Fig.  942)  has  a  flat  body,  protected  by  a 
hard  cuticula  forming  a  lorica;  this  shape  aids  it  greatly  in  swim- 
ming. Pedalion  (Fig.  946)  has  developed  six  great  limbs  which  like- 
wise aid  it  in  swimming.  Similar  limbs,  but  in  a  simpler  condition, 
are  seen  in  Triartkra  (Fig.  944)  and  Tetramastix  (Fig.  945).  In  these 
genera  the  function  of  the  limbs  seems  to  be  mainly  to  protect  the 
animals  from  being  swallowed  by  such  predatory  beasts  as  ^5- 
planckna.  One  often  sees  an  Asplanchna  attempt  to  swallow  one  of 
these  at  a  gulp,  but  the  prey  at  once  extends  its  long  appendages  in 
all  directions,  and  these  frustrate  the  attempt.  The  male  of  Pedalion 
(Fig.  946,  B)  has  simple  appendages  and  bears  a  striking  resemblance 
to  one  of  the  simpler  species  of  Triartkra  (Fig.  944,  B). 

An  extraordinary  offshoot  of  the  Meticertidae  is  seen  in  the 
spherical  rotifer  Trochosphaera  (Fig.  947) .  In  the  corona,  the  jaws, 
the  lack  of  a  foot,  and  various  other  features  it  agrees  essentially 
with  the  Melicertidae,  though  its  external  form  is  very  different. 

33-35.  BdeUoida.  This,  the  last  group  of  rotifers,  includes  mainly 
the  genera  Rotifer  (Figs.  958,  960),  PkUodina  (Fig.  959),  CaUtdina 
(Fig.  961),  MicTodina  (Fig.  962),  and  Adineta  (Fig.  957).  They  are 
somewhat  worm-like  animals,  often  creeping  like  leeches,  and  found 
in  great  niunbers  amid  aquatic  vegetation.  They  are  ^>ecially 
abundant  in  Sphagnum  and  other  wet  moss  or  moss-like  plants;  an 
immense  number  of  species  particularly  of  CaUidina  are  found  in 
such  places. 

This  group  differs  widely  from  the  typical  rotifers  in  many  points. 
The  typical  corona  of  the  BdeUoida  is  a  highly  differentiated  struc- 
ture consisting  mainly  of  two  flat  disks  borne  on  stalks  and  with 
cilia  about  their  edges  (Fig.  959,  etc.).  When  the  cilia  are  in  mo- 
tion these  two  disks  give  the  appearance  of  two  revolving  wheels. 
It  is  to  this  that  the  name  wheel-animalcule,  and  the  Latin  terms 
rotifer  and  rotator  are  due ;  the  BdeUoida  were  the'  first  rotifers  to 
attract  the  attention  of  microscopists.  The  base  of  the  stalks 
bearing  the  disks  is  often  clothed  with  short  dlia.  On  the  dorsal 
side  of  the  corona  there  is  a  long  tentacle. 

The  foot  ends  as  a  rule  in  three  or  four  minute  projections,  by 
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which  the  animals  attach  themselves;  it  bears  also  a  pair  of  "^uis" 
on  its  dorsal  side,  a  short  distance  from  the  end.  These  ^urs 
perhaps  T^resent  the  two  toes  of  other  rotifers. 

The  trophi  (Fig.  867)  present  perhaps  the  most  modified  type 
found  in  the  Rotifera;  they  show  dearly  that  this  group  is  not  a 
primitive  one.  In  most  species  the  trophi  are  represented  by  two 
pieces  ^laped  like  a  quarter  of  a  sphere  and  placed  side  by  side 
(Fig.  867,  A).  Across  the  free  surface  of  these  pieces  extend  two  or 
more  ridges.  These  jaws  may  be  opened  and  closed  by  the  mus- 
cular mass  in  which  they  are  imbedded,  the  ridges  fitting  together 
in  such  a  way  as  to  serve  as  grinding  teeth.    The  two  halves  of  the 


no.  S87.    JamofBdelkiitU.    . 
mm 

trophi  represent  the  two  rami  of  other  rotifers,  the  remainder  of 
the  apparatus  having  almost  completely  disappeared.  But  tran- 
sitional forms  (Fig.  867,  B)  show  clearly  how  these  trophi  are  de- 
rived from  the  typical  structure. 

The  point  in  which  the  Bdelloida  differ  most  from  other  rotifers 
is  in  the  fact  that  they  have  two  ovaries  in  place  of  one.  This 
peculiarity  is  shared  with  the  Bdelloida  only  by  a  bizarre  group  of 
parasitic  marine  rotifers,  the  Seisonacea  (Fig.  868)  which  live  at- 
tached to  the  marine  crustacean  Nebalia.  On  account  of  this  pecu- 
liarity the  Bdelloida  and  Seisonacea  are  commonly  classed  apart 
btnn  all  other  rotifers  as  the  Digononta,  the  others  being  called  the 
Monogononta. 

The  Bdelloida  include  an  immense  number  of  species,  the  greater 
part  of  them  belonging  to  the  genus  CaUidina.  The  difference 
betweeo  q>edes  is  often  only  slight,  and  the  animals  change  form 
almost  continually,  so  that  their  systematic  study  is  perhi^  more 
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difficult  than  that  of  any  other  group  of  rotifers;  it  has  been  c»n- 
fined  mainly  to  Epedalists  in  this  particular  group. 

Many  species  of  the  Bdelloida  possess 
a  remarkable  power  of  withstanding  dry- 
ing. Philodina  roseola  is  often  found  as 
little  pink  balls  in  the  dry  deposits  in 
the  bottoms  of  urns  and  eave-trou^s. 
When  this  material  is  placed  in  water, 
the  pink  balls  quickly  swell,  take  the 
rotifer  form,  and  continue  their  inter- 
rupted life  activities  where  these  were 
stepped.  Many  species  may  be  ob- 
tained for  study  in  the  living  condition 
from  dried  moss  and  other  vegetation 
brought  from  a  distance.  No  males  are 
known  in  the  Bdelloida. 

26.  The  Seisonacea  (Fig.  868)  are  ex- 
traordinary rotifers  parasitic  on  marine 
Crustacea.     Their  relationships  are  un- 
certain, but,  having  two  ovaries,  they 
Fia.86g.  Ai»ii»n|bhuCUiu,i«iuit.   are  usuolly  placed  near  the  Bdelloida. 

(After  CUui.)  '    '^ 

In  the  Seisonacea  male  and  female  are 
similar  and  of  equal  size.  Since  they  are  exclusively  marine,  these 
forms  are  omitted  from  the  synoptic  key. 

The  studies  thus  far  made  of  the  rotifers  of  different  i^ons 
seem  to  indicate  that  in  general  these  animals  may  be  said  to  be 
potentially  cosmopolitan,  any  given  spedes  occurring  wherever  the 
conditions  necessary  to  its  existence  occur.  Whether  any  given 
rotifer  shall  be  found  in  a  given  body  of  water  depends  mainly, 
not  upon  the  locality  of  this  body  of  water,  but  upon  the  precise 
conditions  there  found.  Studies  on  the  rotifers  of  Europe,  Asia, 
Africa,  America,  and  Australia  show,  not  different  faunas  in  these 
regions,  but  the  same  common  rotifers  found  everywhere,  with 
merely  a  new  form  here  and  there,  and  it  is  an  extraordinary 
fact  that  when  a  new  rotifer  is  described  from  Africa  or  Australia, 
its  next  occurrence  is  often  recorded  from  Europe  or  America.  In 
stagnant  swamps  all  over  the  world  ai^>ear  to  be  found  the  char- 
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acteristlc  rotifers  of  stagnant  water;  in  clear  lake  water  are  found 
the  characteristic  limnetic  rotifers;  in  sphagnum  swamps  every- 
where, the  sphagnum  rotifers.  Variatitm  in  the  rotifer  fauna  of 
different  countries  is  probably  due  mainly  to  differences  in  the  con- 
ditions of  existence  in  the  waters  of  these  countries,  rather  than  to 
any  difficulty  in  passing  izam  one  country  to  another.  The  num- 
ber of  different  sorts  of  Rotifera  to  be  found  in  any  given  region 
depends  upon  the  variety  of  conditions  to  be  found  in  the  waters 
of  this  region.  Two  bodies  of  water  half  a  mile  apart,  presenting 
entirely  different  conditions,  are  likely  to  vary  more  in  their  rotifer 
fauna  than  two  bodies  of  water  5000  miles  apart  that  present 
similar  conditions.  Of  coiuse,  the  tropics  will  have  characteristic 
species  not  found  in  cooler  regions,  ance  they  present  conditions  of 
existence  not  found  elsewhere,  and  the  same  may  be  tnieof  Arctic 
regions.  The  problem  of  the  distribution  of  the  Rotifera  is  then 
mainly  a  problem  of  the  conditions  of  existence  rather  than  of  the 
means  of  distribution.  The  ^.bility  of  the  egg»  to  live  in  dried 
mud,  which  may  be  carried  about  cm  the  feet  of  birds  or  blown 
about  as  dust  by  the  winds,  seems  to  give  sufficient  opportunities 
for  any  species  to  multiply  wherever  occur  the  conditions  neces- 
sary for  existence.  Most  rotifers  seem  adapted  to  a  rather  nar- 
rowly limited  set  of  conditions. 

Many  species  of  rotifers  vary  extremely  in  the  external  details 
of  their  structure.  This  is  particularly  true  of  loricate  rotifers 
that  bear  teeth,  spines,  or  other  projections.  Extreme  examples 
of  such  variation  are  seen  in  Brachionusbakeri  Ehr.  and  in  Anuraea 
cocMearis  Gosse  (Fig.  913).  I^uterbom  shows  that  the  variations 
of  Anuraea  coehUaris  are  by  do  means  haphazard,  but  depend  upon 
the  seasons  and  upon  changes  in  the  conditions  of  existence.  In 
the  course  of  a  year  this  species  undergoes  a  cycle  of  regular  changes 
from  month  to  month,  and  this  yearly  cycle  was  foimd  to  be  essen- 
tially the  same  during  a  period  of  study  of  twelve  years.  In  the 
older  months  of  the  year  appear  individuals  of  greater  size,  with 
smooth  loricas  and  long  prominent  spines.  As  the  waters  become 
warmer,  in  spring  and  summer,  the  individuals  found  are  smaller 
in  size,  the  surface  of  the  lorica  becomes  roughened,  and  the  spines 
grow  shorter,  until  the  caudal  one  dis^pears  completely.    As  cold 
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weather  approaches  there  is  a  return  to  the  stouter  forms.  There 
results  an  immense  number  of  different  forms,  many  of  which  have 
been  described  as  different  species.  Apparently  these  changes  are 
adj^tive  in  character.  At  the  higher  temperatures  of  summer  the 
inner  friction  of  the  water  decreases  much  (as  Ostwald  has  shown), 
so  that  swimming  animals  tend  to  sink  more  readily  than  be- 
fore. The  decrease  in  size  of  the  body,  with  the  roughening  of  its 
surface,  increases  greatly  the  proportion  of  body  surface  to  body 
weight,  so  that  the  jmjmnU  sink  less  readily;  the  tendency  to  ^nk 
due  to  the  warmth  of  the  water  is  compensated.  The  small,  rou^ 
fonns  are  therefore  adapted  to  warm  weather.  But  the  decrease 
in  size  of  the  ^ines  cannot  be  accounted  for  in  this  way;  it  must 
depend  on  other  relations. 

In  the  Rotifera  the  males  are  usually  minute,  degenerate  crea- 
tures, —  the  race  being  represented  mainly  by  the  females!  The 
males  usually  have  no  alimentary  canal,  and  thus  during  their 
entire  life  they  never  take  food.  They  are,  of  course,  therefore, 
condemned  to  an  early  death.  They  usually  swim  about  rapidly, 
often  swarming  about  the  females.  Fecundation  takes  place  in 
some  cases  by  the  insertion  of  the  copulatory  organ  of  tiie  male 
into  the  cloaca  of  the  female;  this  has  been  seen  in  many  cases. 
In  other  cases  apparently  the  male  pierces  the  body  wall  of  the 
female,  injecting  the  spermatozoa  directly  into  the  body  cavity. 
This  takes  place  in  SydaUna. 

In  a  few  of  the  Rotifera  the  males  are  of  the  same  size  and  struc- 
ture as  the  females  (in  the  Seisonacea).  In  Proales  wemeckii  the 
male  is  of  the  same  size  and  form  as  the  female,  but  the  alimentary 
canal,  while  present,  is  amplified  and  reduced  in  ^ze.  In  other 
spedes,  various  vestiges  of  the  alimentary  canal  may  be  present, 
but  they  are  not  functional.  In  certain  groups  no  male  is  known 
to  exist;  this  is  true  for  the  entire  suborder  of  the  Bdelloida.  In 
the  Rattulidae  likewise  no  males  have  as  yet  been  seen.  Much 
further  study  of  the  existence,  structure,  and  activities  of  the  males 
is  needed.  If  they  are  actually  non-existent  in  some  -groups,  then 
of  course  the  reproduction  is  throughout  by  parthenogeneas, — 
fertilization  of  the  egg  not  occurring  even  at  long  intervals. 

Most  rotifers  produce  several  different  sorts  of  eggs.    These  are 
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the  following:  (t)  large  eggs,  without  a  thick  shell,  from  which 
females  are  produced;  (2)  small  eggs,  ^milar  tx>  the  last  in  ap- 
pearance but  producing  males;  (3)  «ggs  which  have  a  thick,  shell, 
often  anned  with  spines  or  projections.  These  are  often  E^ken 
of  as  "winter  eggs"  or  "resting  eggs."  They  may  qjparently 
live  a  long  time  under  all  sorts  of  imfavorable  conditions,  devel- 
oping when  favorable  conditions  are  restored.  The  relation  of 
these  different  sorts  of  eggs  to  the  appearance  of  the  males,  and  to 
fertilization,  has  been  much  discussed  and  investigated.  In  Hyda- 
Hna,  according  to  Maupas,  and  in  Asplanchna  priodonta,  according 
to  Lauterbom,  the  following  is  the  state  of  the  case.  There  are 
two  sorts  of  females,  not  distinguishable  externally,  but  one  pro- 
ducing large  eggs,  the  others  small  ones.  The  large  eggs  cannot  be 
fertilized,  and  they  always  develop  into  female  rotifers.  The  snail 
eggs,  if  not  fertilized,  develop  into  male  rotifers,  but  they  may  be 
fertilized,  and  if  this  occurs  they  become  transformed  into  the 
"resting  eggs,"  from  which  there  later  develop  female  rotifers. 
In  Hydaiina,  according  to  Maupas,  fecundation  can  occur  only 
when  the  female  is  young,  before  any  of  the  eggs  develop,  and  the 
female  so  fecundated  produces  only"  resting  eggs.  But  in  As- 
planckna  and  in  various  other  rotifers  the  same  female  produces 
both  male  eggs  and  resting  eggs,  although  only  the  latter  are 
fertilized.  According  to  Mrazek,  in  Asplanchna  herrickii  the  same 
female  bears  at  the  same  time  ordinary  female  eggs,  male  eggs,  and 
resting  eggs.  There  is  apparently  much  variation  in  these  rela- 
tions among  different  rotifers. 

Males  and  resting  eggs  are  as  a  rule  not  found  at  all  times  of 
the  year,  but  appear  at  certain  periods,  —  the  resting  eggs  of 
course  following  the  appearance  of  males.  In  the  pelagic  Rotifera, 
Lauterbom  has  made  a  study  of  the  periodical  appearance  of  males 
and  of  resting  eggs.  He  finds  that  these  rotifers  may  be  divided 
into  three  classes:  (i)  perennial  rotifers,  which  occur  in  greater 
or  less  numbers  all  the  year  round;  (2}  summer  species,  found 
only  in  summer;  (3)  winter  species,  found  only  in  winter.  In  the 
perermial  species  parthenogenetic  reproduction  continues  througji- 
out  the  year;  but  males  appear  as  a  rule  only  twice  a  year,  in 
spring  and  fall.    In  the  summer  rotifers,  males  appear  in  the  fall, 
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and  the  species  is  carried  over  the  irinter  in  the-  resting  eggs  re- 
sulting from  fertilization  by  the  males.  In  the  winter  rotifers,  the 
males  appear  in  the  spring,  and  the  species  is  carried  over  the  sum- 
mer by  the  resting  eggs. 

By  the  greater  number  of  rotifers  the  eggs  are  laid  as  soon  as 
they  are  completely  formed,  development  taking  place  outside  the 
body  of  the  mother.  But  some  rotifers  are  viviparous,  the  egg 
being  retained  in  the  mother's  body  imtil  it  is  partly  or  cconpletely 
developed.  It  is  remarkable  that  the  viviparous  condition  is  found 
in  several  different  groups  of  rotifers  that  are  not  closely  related, 
so  that  it  must  have  been  developed  independently  several  times 
within  the  Rotifera.  Asfdanchna  and  RoUJer  are  among  the  best- 
known  viviparous  genera.  PkUodina  and  CaUidina,  closely  related 
to  Rotifer,  as  a  rule  deposit  the  eggs  undeveloped,  though  certain 
spedes  in  both  these  genera  produce  living  young.  Thus  ovi- 
parity  and  viviparity,  which  in 
some  higher  animals  distinguish 
grand  classes,  are  among  the 
rotifers  both  found  in  the  limits 
of  a  single  genus. 

It  is  a  rather  remarkable  fact 
that  the  cleavage  and  early  de- 
velopment of  the  rotifer  egg  does 
not  resemble  that  of  the  animals 
to  which  the  rotifers  have  often 
been  considered  the  nearest  rela- 
tives. In  annelids  and  lower 
moUusks  the  early  development 
shows  a  remarkable  similarity 
oj^s  roster.  AtfiaKkm,  evcD  iu  the  detajls  of  the  spiral 
u^.,  i,.-c„L,ua.a  ».ujieiy-tMir«ik;  ;,ol)tiai  clcavage,     But  in  the  rotifers 

vction  Ihrousb   embrya  lormcd  ol  muiy  cclu. 

(Alter  jnuungi)  (Jig  clcavagc  follows  a  Completely 

different  type  (Fig,  869).    The  developing  rotifer  forms  a  solid  mass, 
which  contains  no  cavity  until  the  organs  formed  within  this  mass 
begin  to  separate,  just  before  the  rotifer  takes  its  final  form  and 
becomes  active. 
When  living  the  body  of  the  Rotifera  is  usually  transparent  and 


:.  iff).    Develop 
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all  the  organs  are  sharply  defined,  so  that  they  are  readily  seen. 
After  death,  the  transparency  and  sharpness  are  as  a  rule  lost,  and 
most  methods  of  killing  the  rotifers  cause  them  to  become  strongly 
contracted,  so  that  the  structure  is  no  loiter  clear.  Direct  observa^ 
tion  of  the  living  animal  will  therefore  always  remain  one  of  the  most 
important  methods  of  studying  these  forms,  for  whatever  purpose. 
By  Rousselet's  method,  however,  it  is  now  as  easy  to  pre- 
serve most  of  the  Rotifera  in  natural  form  as  any  other  lover 
animals.  This  method  is  essentially  as  follows:  The  animals 
are  killed  uncontracted  by  the  aid  of  a  narcotizing  fluid,  the  essen- 
tial  feature  of  which  is  a  |  to  i  per  cent  solution  of  hydrochlorate 
of  cocaine.  The  cocaine  may  be  used  in  a  simple  watery  solution, 
but  better  results  are  reached  by  using  the  following  mixture: 

Hydrochlorate  of  cocaine  (2  per  cent  solution) , .     3  parts 

Methyl  alcohol r  part 

Water 6  parts 

The  rotifers  are  brought  into  a  small  volume  of  water,  and  a 
little  of  this  narcotizing  fluid  is  mixed  with  it.  The  proper  amount 
must  be  learned  by  trial,  but  it  is  always  best  to  begin  with  a  very 
small  proportion  of  the  fluid,  ^V  o'  l^^t  ^n*^  to  add  more  as  required. 
This  fluid  causes  the  rotifers  to  swim  slowly  and  gradually  to  sink 
to  the  bottom.  They  will  soon  die,  and  if  allowed  to  die  unfixed 
will  be  quite  worthless  for  study,  destructive  changes  taking  place 
in  the  tissues  at  the  monient  of  death.  As  soon  therefore  as  the 
ciliary  movement  has  nearly  ceased,  as  much  as  possible  of  the 
water  should  be  drawn  o£E,  and  a  small  amount  of  0.25  per  cent 
osmic  add  introduced,  which  kills  and  fixes  the  rotifers  at  once. 
Now  the  osmic  acid  should  be  drawn  off  at  once  and  water  added 
or  the  rotifers  removed  with  a  capillary  pipette  to  fresh  water; 
they  should  be  washed  several  times  in  distilled  water.  If  the 
osmic  acid  is  allowed  to  act  too  long  the  rotifers  will  be  blackened. 
The  blackening  may,  however,  be  later  removed,  if  necessary,  with 
hydrogen  peroxide.  After  washing,  the  rotifers  should  be  pre- 
served in  3  to  6  per  cent  formalin.  They  cannot  as  a  rule  be  pre- 
served in  alcohol  without  extensive  shrinkage,  rendering  them  use- 
less for  furtiier  study. 
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If  desired,  the  specimens  maybe  permanently  mounted  in  hollow 
ground  slides.  The  slides  should  be  thin  and  the  concavities  shal- 
low, 30  that  high  powers  of  the  microscope  may  be  used.  The 
q>ecimens  are  transferred  to  the  concavities  along  with  some  of  the 
formalin  and  covered  with  a  circular  cover-glass.  It  is  best  not  to 
leave  any  bubbles  of  air  beneath  the  cover.  The  superfluous  for- 
malin may  be  withdrawn  from  the  edge  of  the  cover  with  a  bit  of 
filter  paper,  and  the  cover  is  then  sealed  by  the  aid  of  a  revolving 
stage.  It  is,  of  course,  necessary  to  use  some  sealing  material  that 
wHl  not  allow  water  to  ev^x>rate  through  it.  Rousselet  recommends 
the  following  for  sealing  the  mounts:  After  fixing  the  cover  with  a 
layer  composed  of  a  mixture  of  two-thirds  gum  damar  with  one- 
third  gold  ^ze,  there  are  added  two  coats  of  pure  shellac,  followed 
by  three  or  four  coats  of  gold  size,  allowing  twenty-four  hours  for 
each  coat  to  dry  before  another  is  added. 

Extensive  collections  containing  many  qtedes  of  Rotifera  may 
be  made  by  travelers  and  others  by  the  use  of  the  method  given 
above.  The  rotifers,  taken  with  a  net  or  otherwise,  are  brought 
into  as  small  an  amount  of  water  as  pos^ble,  in  a  watch-glass. 
Then  a  considerable  quantity  of.  the  narcoti^ng  fluid  is  introduced 
and  the  rotifers  are  watched  till  most  of  them  have  sunk  to  the 
bottom.  Thereupon  the  water  is  removed,  so  far  as  possible,  and 
the  \  per  cent  osmic  add  added.  This  is  removed  as  quickly  as 
can  be  done  without  taking  up  too  many  of  the  rotifers;  they  are 
theil  washed  and  preserved  in  formalin.  It  is  very  desirable  to  kill 
a  certain  proportion  of  every  collection  in  osmic  acid  without  previ- 
ous narcotization,  as  some  of  the  loricate  rotifers  are  more  easily 
determined  from  contracted  E{>edmens  than  from  extended  ones. 

A  method  of  mounting  Rotifera  in  the  ordinary  mounting  media, 
such  as  Canada  balsam,  has  been  given  by  Zograf.  It  does  not  give 
such  perfect  results,  in  most  cases,  as  does  Rousselet's  method,  but 
it  is  useful  for  some  ^>ecies.  The  rotifers  are  stupefied  and  killed 
in  the  way  given  above.  After  they  have  been  in  the  osmic  add 
bom  two  to  four  minutes,  this  is  removed  as  far  as  possible,  and  a 
considerable  quantity  of  10  per  cent  pyroligneous  add  is  added. 
This  is  allowed  to  act  five  or  ten  minutes;  then  the  rotifers  are 
washed  several  times  in  distiUed  water.    As  a  result  of  the  harden- 
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ing  actioD  of  the  pyroligneous  add,  they  may  now  be  passed,  like 
other  objects,  through  successively  stronger  grades  of  alcohol  till 
absolute  alcohol  is  reached.  They  may  then  be  cleared  in  clove  or 
cedar  oil,  in  the  usual  way,  and  moimted  in  Canada  balsam,  or 
gum  damar,  or  they  may  be  mounted  in  glycerine. 

In  America  the  systematic  work  on  the  Rotifera  has  consisted 
largely  in  the  publication  of  lists  of  species  found  in  certain  regions. 
While  this  work  undoubtedly  has  its  uses,  there  are  other  lines  of 
study  which  would  at  the  present  time  be  of  much  greater  value 
even  for  purely  systematic  purposes.  On  account  of  the  very 
large  number  of  spedes  of  Rotifera,  their  minuteness,  and  the 
unsatisfactory  work  that  has  been  done  upon  them,  it  is  often 
almost  impos^ble  to  determine  with  certainty  even  common  spe- 
des. This  can  best  be  remedied  by  studying  carefully  circum- 
scribed groups,  such  as  angle  genera  and  families,  collecting  them 
extensively,  describing  and  figuring  all  the  spedes,  and  going  criti- 
cally over  the  literature  of  the  group  in  such  a  way  as  to  set  the 
synonymy  in  ord^. 

Careful  comparative  studies  of  certain  organs  or  sets  of  organs, 
such  as  the  corona,  the  trophi,  etc.,  throughout  varied  groups, 
would  help  much  in  understanding  the  interrelationships  of  the 
Rotifera.  If  possible  a  study  of  the  habits  should  be  made  in  their 
relation  with  the  structures,  smce  these  matters  are  dosely  con- 
nected. Monographic  anatomical  studies  of  certain  spedes  are 
always  of  value.  They  would  be  especially  useful  if  a  thorough 
study  of  the  habit  and  physiology  could  be  made  at  the  same  time. 

A  most  important  field,  and  one  littie  cultivated,  lies  in  the 
study  of  the  activities  by  which  the  rotifers  reqmnd  to  their  en- 
vironment. Thorough  studies  of  the  movements  and  habits,  the 
reactions  to  stimuli,  "tropisms,"  and  the  like,  would  be  of  great 
interest.  Disconnected  observations  on  these  matters  are  of  com- 
paratively little  value;  definite  problems  should  be  taken  up  and 
followed  to  the  end. 

The  variations  induced  in  a  single  ^>edes,  and  in  an  entire 
fauna,  by  changes  in  seasons,  temperatures,  and  in  other  features, 
have  received  some  study  and  deserve  much  more.  One  of  the 
most  interesting  lines  of  work  for  which  the  rotifers  present  oppot- 
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tunity  lies  in  the  study  of  the  various  problons  connected  with 
teproduction  and  the  diversity  of  the  sexes.  Few  groins  of  organ- 
isms present  conditions  so  favorable  for  the  study  of  Uiese  funda- 
mental matters. 

The  relationships  of  the  Rotifera  to  other  groups,  and  their 
interrelationships  among  themselves  are  subjects  which  have  been 
much  discussed  and  on  which  there  is  wide  divergence  of  opinion. 
As  a  result,  the  classification  of  the  group  differs  greatly  with 
different  authors.  The  dasafication  perhaps  most  commonly 
employed  is  that  given  in  Hudson  and  Gosse's  Monograph  of  the 
Rotifera.  Wesenberg-Lund's  classification,  based  on  that  view  of 
the  interrelationships  of  the  Rotifera  set  forth  in  the  foregoing 
paper,  has  been  little  used;  yet  it  appears  to  be  that  to  which  a 
careful  and  unprejudiced  study  of  the  members  of  the  group  leads. 
Most  earlier  clas^cations  have  found  their  guiding  principles  in 
matters  quite  extraneous  to  the  Rotifera  as  such.  Led  by  theo- 
retical considerations,  the  primitive  rotifers  have  been  looked  for 
among  highly  specialized  species.  Huxley  compared  the  two  ciliary 
wreaths  of  Lacinularia  to  the  two  wreaths  of  certain  larvae  of  otiier 
groups,  —  of  echinoderms,  annelids,  and  the  like,  —  thus  indicating 
a  possible  close  relationship  between  them.  This  suggestion  was 
eagerly  followed  up,  and  the  primitive  organization  of  the  Rotifera 
has  been  sought  in  such  highly  differentiated,  untypHca!  forms  as 
the  Melicertidae,  the  Philodinidae,  and  the  like.  Even  that  bizarre 
side-shoot  of  one  of  the  most  highly  specialized  families,  Troclut- 
sphaera  (Fig.  947) ,  has  been  considered  a  prinutive  rotifer  of  special 
significance,  from  its  superficial  resemblance  to  the  trochophore 
larvae  of  annelids,  etc  Less  popular,  but  still  enjoying  consider- 
able repute,  have  been  the  theories  which  held  ^at  such  forms  as 
Pedalion  (Fig.  946)  show  a  close  relationship  of  the  Rotifera  with  the 
larvae  of  Crustacea.  Careful  comparative  study  of  the  Rotifera 
themselves  seems  to  show  clearly  that  Lacinularia  and  the  Meli- 
certidae, Trochosphaera  and  Pedalion  are  alike  terminal  twigs  of 
the  rotatorian  tree  —  highly  specialized  forms,  whose  origin  is  to 
be  sought  in  such  rotifers  as  the  primitive  Notommatidae. 

lioU.  —  For  recent  cbanges  in  the  names  of  many  rotifers,  in  accordance  with  the 
ptilct  rules  of  priority,  the  paper  of  Hairing  ('13)  should  be  cooaulted. 
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KEY  TO  NORTH  AMERICAN  FRESH-WATER  ROTATORIA 

I  (138)    One  ovaiy.     Do  not  creep  like  a  leech. 

Subclass  Hoaogononta  .   .     2 
Ttdt  labdui  indudes  lU  the  rotifcn  cotmnooW  met,  uve  the  BdeUiada  (q.v.),  which  MM 
dlMJTuiiithithk  by  their  b«hlt  of  ate[iag  like  leecMs. 


3  (97)  Mouth  not  near  center  of  corona.  .  .  .  Order  NotonmutliU  .  .  4 
Fne-swimming  or  cnccaiiE  rotifen,  but  nevet  oec^ng  Uke  &  letch;  corona  ventral  or  ter- 
n^nU,  oondstinc  oi  a  diak  which  ii  either  uniformlv  dliate  or  bai  a  wreath  oi  cilia  about  its 
circumfereoce  with  usually  two  or  more  group*  of  dua  ckne  to  the  mouth,  or  shows  some  inter- 
mediate omiditimi.  Wboe  there  are  two  wraths  of  dlia,  the  outer  is  never  ahoiter  than  the 
inner.  Mouth  not  in  the  c»ter  of  the  disk.  J*«i  aev«r  tamate  (fig.  S67.  A)  nor  malleo- 
ramate  (Fig.  866),  Foot  usually  eodin^  In  *~"  •"■■  -j-^j  ^a^  hi»  «.**■  nmiu  ^rtAJmir  ih  mia. 
'     It;  Devcr  fonning  a  disk  (or 


4  (90)    Jaws  not  iocudate.    Intestine  and  anua  present 5 


5  C31, 64)    Without  lorica.    Corona  when  as  broad  as  other  parts  of  the  body, 

not  consisting  of  an  outer  wreath,  a  partial  wreath  about 
the  mouth  and  styligerous  prominences  between. 

Suborder  Notomnuitlna  .   .     6 
Body  uraaHy  soft  and  somewhat  segmented.    (See  aba  family  HiDAimmAX,  66.) 

6  (36)    Corona  without  long  antenna-like  bristles  and  setigerous  prominences. 

Foot  present Family  Notomkatidae    ,   .     7 

Solt-bodied  rotifen,  usually  elongated,  cuticuta  more  01  less  distinctly  lesmented;  foot  not 
distinctly  marked  off  from  Uie  remainder  of  the  body,  u.iually  short  and  ending  In  two  toea 
placed  sde  by  side,  or  rarely  but  one  toe.  Corona  usually  not  so  wide  as  the  remainder  of  the 
bo^.     Living  mainly  amid  VKetation  of  the  shores  and  bottom. 

Inis  family  cannot  be  sharpb*  macked  off  from  others;  see  particularly  Hydatinidae.    He 


J  (19)    Without  auricles 8 

N.B.    Auricles  are  often  oontiscted  and  are  then  Invisible. 


8  (16)     With  one  or  more  eyes 9 

9(13,15)    With  a  single  eye  only 10 
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Tlo.  &TO.  FmrtaUria    Fu.    Sfi.    FartalarU      Fio.  S;i.    fflflMd  m-  Fm.  »rs.  BbMmmt  m 

ysnlniiEhr.  XiDO.     IniluM  Eht.  X400-         *«••   Diins - NutuIL  Irffui  EhicBbcri 

l/SuxWtbm.)             (AAa  Dbon-NutUll.)         X  j>o-  (Afta  IHxoo-  X  166.  (After  Ehia 

NiuuU.)  bat.) 


FM.8T4- !>***<*■'■  Ill  FaStI:  .Uhrthte-  Fm.  B?*-  WwXf*!  Pn.  Bn.  n 
dmuiUi  QnoiliKi.  InvgrOoM.  XlJI-  rnaAiWiRsii.  Xiil.  juiiiJjji Qi 
xa<x   (AftsrEbna-      (AftaGoHt.)  lAfta  Dteoa-MutuUT       (AlMWab 
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10(11)    Eye  in  neck  regioa Proales  Goaae. 

Small,  ilow^uoviug,  aoft-bodled  apedta,  with  portly  ventnl  conuu.    Many  apccin. 

Representative  spedes(Fig.  856,  page  555}.  Proales  wemeckii  Ehrenberg. 
(Fig.  858,  page  SS7),  .  .  .  P.  sordida  G<^e. 
(Fig- 859,  page  558).    .   ,  .     P.  Hgrida  Gosse. 

II  (10)    Eye  near  front Purcutaria  Ehrenberg. 

Cutioih  a  Utile  BtiSei,  bo  that  the  form  ii  retained;  ihape  at  times  a  little  prismatic;  toes 
longer  and  uifier  than  in  Preala;  active.    Spedcs  biukfous. 

Representative  species  (F^.  870).  .    Purcularia  forficula  t^iatnheig. 
(Fig.  871) F.hngueta^hitabeTi. 

i»  (9, 15)    With  two  eyes 13 

13(14)    Eyes  near  front Wgfcwa  Ehrenberg. 

StTDog  pndackxu  qiedes  with  lordpate  Jawi;  toea  mually  large.    One  or  two  qiede*. 

Representative  species  (Fig.  87  2).  .  Diglena  roslrala  Dixon-NuttalL 
(Fig.  860,  B,  page  559).  .  D.  forcipala  Ebrenbeig. 

14  (13)    Eyes  in  neck Distemma  Ehrenberg. 

Representative  species  (Fig.  873).    .  Distemma  setigerum  Eluenberg. 

15  (Qi  1 1)    With  three  eyes  in  a  transverse  row.   .   TriophikalmM  Ehrenberg. 

One  spedes  only  (Fig.  874) Triopht/ulimu  dorsualit. 

16  (S)     Without  eyes. 17 

17(18)    Internal  parasites. j4i(eritit  Dujardia. 

Pew  iptdtt. 

Representative  spedes  (Fig.  875) AHertia  Mnisor  Gosse. 

18  (17)    Free,  or  external  parasites Pleurolrocha  Ehrenberg. 

Representative  spedes  (Fig.  876).  .  .  Pleurotrocha  pandit  Western. 

19  (7)'  With  auricles ao 

N.B.    Amides  invisible  when  contracted. 

9o  (35)    With  one  eye 31 

31  (34)    Smaller,  soft-bodied  forms. 33 

93  (33)    Cutkula  with  many  transverse  folds Tapkroeampa  Gosse. 

Representative  spedea  (Fig.  877).    .     Tapkroeampa  atmulosa  Gosse. 
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Flo.  StS, B. 

3.  (After  Weber.) 
(Alta  Wmo- 


Fu.  88j.     FcBule  of  Stnckaila     Fia.  S»^.     Corow  of  SriKjtaaa  MMca  Elir.    Pio.  BSs.  j1  MrlJbra  af- 
Uylala  Win.    Xi>S.    (Aflet  wa  fmrn  (bora.  (Alter  RouudM.)  tew  HooL      X  no. 
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33  (11)     Cuttcula  without  many  transverse  folds.     .     Nefommala  Ehrenbeig. 
Many  tiMcfa. 

Representative  ^>edes  (Fig.  878).  .  .  NoUmmala  tmrita  Ebienberg. 

(Fig.  S81) N.  londosia  Dujordin, 

(Fig.  857,  A  aadB,  page  556). 

N.  tnmcata  Jennings. 

34(31)    Very  large,  thick-bodied  fonns. CopauGoiat. 

Cocoiu  eitoiding  Ui  an  ventnl  niriacc    Few  ipcdn. 

Representative  species  (Fig.  857.  C,  page  556,  and  Fig.  864,  page  S^S) 
Copeus  pachyidnu  Gosse. 

35  (30)    With  three  eyes. Eosphora  Ehrenberg. 

One  luxe  eye  ui  bnin;  otben  nuUl,  In  boot.    Few  •pedes. 

Representative  spedea  (Fig.  879).    .  .    Eoj^AontdifiCalaEhienberg. 

at  (6)    Two  or  four  long  bristle-like  antennae  on  corona.    Foot  present  c 
absent Family  Synchaetidae  .   .     3 


97  (38}    Auricles  present Synchaeta  Ehrenberg. 

Body  utotlly  cuoial,  lugcM  &t  the  head;  foot  ihort,  nidy  ■bsent.    About  a  down  ipedei. 
Representative  species  (Fig.  885).    .   .  Synchaeta  stytata  Wieizejski. 

(Fig.  8S0) 5.  (r«mM/a  Ehrenberg. 

(Fig.  884) 5.  AaAKO  Ehrenberg. 

38  (37)    Auricles  absent    No  foot. 39 


39  (30)     With  lateral  oar-like  swimming  appendages.  .    Polyarlhra  Ehrenberg. 
One  speata  only  (Fig.  882).  .    .    .    Pdyarl/ira  platypiera  Ehrenberg. 

30(39)    Appendages  lacking. AMarHira  Hood. 

One  speaes  only  (Fig.  885) Anarikra  aptera  Hood. 


31  (5,  64)     Lorica  always  present.    Corona  small,  not  so  broad,  as  a  rule,  as 
the  broadest  part  of  the  lorica.   Suborder  Loricatina  .  .    33 

Fmc  pcMcnt,  tbort,  not  ringed;  endins  in  two  toe^  or  ncdjr  ok. 
33  (47)    Lorica  divided  into  plates  1^  lon^tudinal  furrows. 33 
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33  (40)    Lorica  of  three  or  four  plates.     Furrows  are  one  mid-dOTsal,  two 
lateral;  sometimes  one  mid-ventral. 

Family  Salpdodae  .  .    34 


34  (35)    Lorica  with  teeth  or  spines  in  front,  or  behind,  or  both. 

Salpina  Ehienbeig. 
Representative  ^)ecies  (Fig.  886).  .   .  Satpma  spinigera  Ehreuberg. 


35  (34)    I»rica  without  teeth  or  spines. 36 

36  (39)    One  eye  fweaent. 37 


37  (38)    Lorica  not  strongly  marked,  the  furrows  and  plates  noticeable  only 

on  close  examination Diasckiia  Gosae. 

Representative  q>ecies  (Fig.  887) Diasckaa  lucdii  Gosx. 


38  (37)    Lorica  distinct  and  strong Diplois  Gosse. 

Representative  species  (Fig.  888) Diplois  dmiaiM  Gosee. 


39  (36)    No  eye;  lorica  distinct. Dijdax  Gosse. 

Representative  species  (Fig,  889) Dipiax  videns  Ixv&aia. 


40  (33)    Lorica  of  two  {dates.    Furrows  lateral.  Family  Euchlanidae.   .    41 
One  pUte  doml,  the  other  ventnL 


41  (46)    Two  toes,         43 


43  (45)    The  two  plates  connected  by  a  membrane  which  folds  into  the  lateral 

furrow 43 

SmiU  tptatt,  not  ipecklly  dear,  lories  often  mailed  in  vuious  w>y>. 


43  (44)    Lorica  narrower Diityla  Eckstdn. 

Uany  vedca. 

Representative  ^>edes  (Fig.  890).  .....   Distyla  intrmis  Bryoe. 

R^resentative  species  (Fig.  891) D.  ofnoemis  Herrick. 
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44  (43)    Lorica  broader Calhypna  Goase. 

Several  apedea. 

Rq)resentative  species  (Fig.  892).   ...   Cathypna  lima  Ehrenberg. 

45  (43]     The  two  plates  not  connected  by  roembrsne. .  Euchlanis  Ehrenberg. 
L«^.  consiacuoua,  dear  spedes;  lorica  not  sculptured  or  otberwiie  Durked.    Many  ipedes. 

Representative  species  (Fig.  893).    .     EtKhlanis  macrura  Ehrenberg. 

46(41)    One  toe ifimojtya  Ehrenberg. 

Representative  species  (Fig.  894).     .     Monostyla  lunaris  Ehrenberg. 

47  (39)     Lorica  undivided,  of  a  single  piece 48 

48  (51)     Lorica  somewhat  pipe-shaped,  often  unsymmetrical. 

Family  Rattuudae  .    .     49 


Lorioi  dosed  all  arouad,  cyliodiical,  Cusiform,  ovate,  or  conical,  witb  ai 

for  head  and  (ooti   often  unajtmnetrical  and  with  oblique  ridges  or  fi 

like;  sometimes  equal,  tbea  short;  sommmes  very  miequal,  so  that  but  one  fa  ttaticenble.  thli 


49  (50)    Toes  equal,  or,  if  unequal,  the  shorter  one  more  than  one-third  the 

length  of  the  longer. Diuretia  Boiy. 

Many  vpeda. 

Representative  species  (Fig.  895) THvreUa  sulcata  Jennings. 

(Fig.  863,  page  563) D.  ligru  MUller. 

50  (49)     Toes  unequal.    The  smaller  less  than  one-third  length  of  longer. 

RattulusLam&iti.. 
Many  spedes. 

Representative  species  (Fig.  896).  .    .   .   RaUulta  cylindricus  Irohot 

(Fig.  897) ^. /flluj  Jennings. 

(Fig.  898) R.  longisela  Schrank. 

51  (48)    Lorica  not  pipe-shaped.    Symmetrical 53 

5a  (59)    Foot  and  toes  not  exceptionally  long.    No  spines. 

Family  COLtTKlDAE  .    .  53 
Lcaica  of  a  ringle  piece,  dtha  covering  both  dorsal  and  ventral  surfaces,  or  only  the  dorsal. 

53  (58)    Head  surmounted  by  a  chitinous  shield 54 
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54  (55)    Head  shield  broad,  flat,  appearing  from  above  like  a  halo. 

Slephanops  Ehrenberg. 
Several  ipedo. 

Representative  species  (Fig.  899}.  .    .  Slephanops  inlemtdius  Bum. 

55  (54)    Head  shield  arched,  in  aide  view  appearing  tike  a  book 56 

S^  (57)    Lorica  arched  and  laterally  compressed.  ....  Colunts  Ehrenberg. 
Huy  tpedes. 

Representative  Species  (Fig.  900) Cidiirus  graUator  Gosae. 


57  (56)    Lorica  flattened,  wider  than  high Metopidta  Ehrenberg. 

Representative  species  (Fig.  901).  .   .    .  Melopidiaekra^xrgii  Petty. 


58  (s3)    No  head  shield Cockleare  Gosse. 

Lorioi  slupeil  like  >  cmt,  covering  ooly  the  uiteriat  half  at  less  of  the  donal  surface.    One 
or  two  ipedes. 

Representative  species  (Fig.  902) Cochleare  lurba  Gasx. 


59  (.$')    F*^'  ^'^^  ^'^^  usually  long;  if  not,  upper  surface  of  lorica  with  king 

spines Family  Dinochakidae  .    .     60 

Lotka  entire,  covering  head  as  weO  as  body.    Movements  oftea  of  a  leaping  character. 


60  (63)    Lorica  without  spines  on  dorsal  surface. 6t 


61  (63)    Lorica  weak,  hardly  noticeable Scaridium  Ehrenberg. 

No  tculpturiog  of  any  lort;  ton  very  long.    Two  ipedes. 

Representative  species  (Fig.  903). 

Scaridium  tonguaudum  Ehrenberg. 


6a  (61)    Lorica  tdu^ Dinocharis  Ehienberg 

Representative  species  (Fig.  904).  .    Dinocharis  pottllum  Ehrenberg. 
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(^3  (^)    LoricB  bearing  long  spines  on  doisal  surface.     .     Polyckaetus  Ptrty. 
Loiin  tuKle-tlMped.    Two  ipcdes. 

Representative  species  (Fig.  905) Palychaelus  coUmsU  Goose. 


ti4(5<30  With  or  without  lorica.  Corona  usually  as  broad  as  broadest 
part  of  body  and  consisting  of  an  outer  wreath  of  cilia  and 
an  inner  interrupted  wreath  about  the  mouth,  with  sty- 
ligerous  processes  between  them. 

Suborder  Hydatlniiu  .    .     6$ 


throughout.     Cocmu  never  a  perfect  dicie  of  ti 

(Mmi  wilbout  foot  bebog  here.  In  all  noa-bricate  forms  foot  present  btiu  cnuing  ui  iwu  lucs, 
mde  by  aide.  In  loricate  forms  (oot  when  prtaeat  ends  in  two  toes,  nde  by  side,  save  in  one 
•pedo,  Gatlnpns  itylif",  where  there  is  but  one  toe.  The  funilies  of  this  order  are  srvtty 
in  need  oi  a  reviijoa  bued  on  thorough  comparative  staiy  of  all  the  spedea, 

65  (73)     Without  lorica. 66 

66  (70)    Foot  not  sharply  separated  from  body. 

Family  Hydatinidae  .    .     67 


67  (68,  69)    No  ty^ Hydatina  Ehrenberg. 

Only  one  spedes  (Fig.  906) Hydatina  tenia  Ebienhtrf. 


8  (67,  69)    One  eye Cyrtonta  Rousselet. 

Only  one  species  (Fig.  907) CyrtintMi /«&a  Ehrenbeig. 


69  (67, 68)    Two  eyes;  corona  with  dorsal  proboscis.  .   .   .  Rhinops  Hudson. 
Only  one  species  (Fig.  S63,  page  565).   .   Shtnops  vikea  Hudson. 


70  (66)     Foot  decidedly  set  off  from  remainileT  of  body. 

Family  NOTOPSIDAE  .    .     71 
Bodj  mud)  iwoDen  doraally,  flatter  ventinlly;  cuticula  slighUy  Miffcr  so  that  the  body  holds 
its  shape,  or  tinnetimes  fbmAiig  a  weak  but  evldeat  lorica.    Foot  forming  a  prolongation  oC 
the  venbal  surtue  or  cttendiog  vcntnUy;  two  soukll  toe*. 


71  (73)    Two  eyes. Tripk^us  Hudson. 

Only'one  species  (Fig.  908) Tripkylus  kautris  Etaeabeig. 
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7a  (71)    One  eye Ifolops  Hudson. 

SBght  indlcatioa  of  kirica  aometlmn.    Several  »pedra. 

Representative  apedes  (Fig.  909).  .   .  Nolopt  brackumus  Ehrenbeig. 

(Fig.  913) JV.  c/ovu/oAu  Ebrenberg. 

(Fig.  910) N.  pdagkus  Jeo 


73  (65)    Lorica  present. •  •  •  •    74 


74  (81)    No  foot. 7 


75  (76)    Loiica  of  two  convex  plates,  placed  together  at  their  edges. 

Family  Anapodidax. 
Lorica  ovoid  01  oval. 

Only  one  genus .  Anapus  Bcrgendal. 

Ooe  or  two  qiedci. 

Representative  species  (Fig.  911) Anapus  otaiis  Bergendal. 


76  (75)    Lorica  of  a  convex  dorsal  and  a  flat  ventral  plate,  or  sometimes 

irregular Family  Anukaeidae  .    .     77 

0|iai  in  fnmt  lor  bead  and  behiiHl  for  daaca;  usually  aimed  with  tfinM  or  teeth. 


77  (80)    Spines  or  teeth  at  the  anterior  or  posterior  edges  of  the  brica,  or 
none 78 


78  (79)    Lorica  not  longitudinally  striated Anuraea  Ehrenberg. 

Representative  species  (Fig.  913,  A  and  B).  Anuraea  cochiearit  Gosse. 
Uaay  qieda.    Lorica  ol  coorcz  donal  and  Bat  ventral  plate. 

(Fig.  913,  Q A.brenspinaGoeae. 
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79  (78}    Lorica  loDgitudiiially  striated Notkotca  Gosse. 

Sometiinet  vecy  Imig  and  ileodei.    lluee  ol  four  ipeda. 

R^icsentative  sgcaxa  (Fig.  916).  .  .  NMoka  lonptpUia  Eellicott. 


80  (77)    Lorica  with  long  bristle-like  outgrowths  from  its  surface  but  not 

from  anterior  or  posterior  holders Eretmia  Gosse. 

Few  qiedca,  aO  more  or  Im  doubtful. 

Representative  species  (Fig.  914) ErOma  tritkrix  Gosse. 


81  (74)    Foot  present. 


8a  (85)    Foot  projects  from  ventral  surface 83 


83  (84)    Lorica  oitire,  not  wrinkled Family  GAsrsopooroAE. 

Loika  fluk-ihi««d  with  mall  fact  ptojecting  fnm  ventnl  nirface.    Foot  rlnced,  mdiui 
In  one  or  two  toes. 

One  genus  only Gastropus  Imhof. 

Sevcnl  v«d«. 

Representative  species  (Fig.  915).  .    Gaslnpus  hypiopus  Ehxtahtrg. 
(Fig.  917) G.  sl^ifer  hnboL 


84  {83)    Lorica  open  along  mid-ventral  line;  marked  with  wrinkles  or  vesi- 
cles       Family  Ploesoiodae. 

Lorica  Mont,  widely  opoi  in  front  for  the  laige  head,  and  iqico  veatnUly  lt»  tlw  foot    Foct 
ttmof,  ringed,  aiding  in  two  toes.    Strong,  active  rotten- 
Only  one  genus. Ploaoma  Herrick. 

Tloeeor  four  qiedea. 

Representative  species  (Fig.  910).  .     Ploesoma  trunciUmn  Levander. 

(Fig.  gi8) P. /mJicufore  Heirick. 

(Fig.  919) P.  hudsoni  Imhof. 
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85  (83)    Foot  projects  from  posterior  end.    .   Family  Bkachionidae  .   .     86 

LMin  conasting  oi  x  coavtx  don&l  plate  and  a  flat  ventral  one;  unwily  stout  and  armed 
with  qrfocs,  thougb  not  ahny*.  Loiiot  opened  behind  for  the  loiu.  itnHu  foot  wtkidk  ii  often 
covend  with  cloee  lingB.    Foot  dllier  endiDg  in  two  toei  or  forked  at  its  tree  tod. 


6  {89}     Foot  not  forked 87 


87  (88)     Lorica  very  convex  donally Brachumus  Ehrenbeig. 

Many  (pedu.  • 


Representative  species  (Fig.  913).     .    .    Brachtonus  pala  Ehimherg. 

(Fig.  911,^) £.  ^ncfoAu  Hempet. 

(Fig.  Q3i,£).    .    .    .    B.  guadratus  S.ou36elA. 

(Fig.  913) B.  angularis  Goase. 

(Fig.  gij) B.  meMis  HempeL 


88(87)    Lorica  flat ■     JVofew  Ehrenbeig. 

Foot  not  ringed. 

Rq)resentative  Species  (Fig.  936).  .    iVofcwj  ?wj<frfcoroM  Ehrenberg. 


9  (86)     Foot  forked  at  its  end Schitocerca  Daday. 

Only  one  spedes  (Fig.  994).  .   .   .     Schaoctrca  dieersiautus  Daday. 
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90  (4)    Jaws  incudate,  save  in  Ascomorpka.    Intestine  and  anus  lacking,  save 
in  Dinops Suborder  Asplaj   ' 


SAc-*biu>ed  rotifers,  usually  without  a  foot,  tbough  ia  wmw  cuea  t.  rouU  foot  ia  pnaetit  on 
the  posterior  put  of  the  vcntnl  wrfMe. 

One  family  only Family  Asflanchnidas  ,  .    91 


91  (94)    Foot  present 


93  (93)    Intestine  absent As^anckiupus  de  Gueme. 

Tm  or  three  spedea. 

Representative  species  (Fig.  937) 

AsfianchnopKS  myrmeleo  Ehrenbeig. 


93  (91)    Intestine  present. Barrinpa  Beauchimp. 

Only  one  species  (Fig.  938) Barrinpa  eupoda  Gosse. 


94  (91)    Foot  absent.  , 


95  (96)    Large  dear  rotifers  with  incudate  jaws Asplanchna  Gosse. 

iiaay  ^ledes. 

Representative  species  (Fig.  939),    ,    .  Asfianckna  priadonla  Gosse. 
(Fig.  S69,  page  583).  .  i4.  AemifUt  de  Guerne. 


9*^  (95)    Very  small  rotifeis,  usually  colored  or  opaque;  jaws  not  incudate. 

AKomorpha  Perty. 
One  or  two  wtdcs. 

Representative  species  (Fig.  930).    .    .    .  Ascomorpha  ecaudis  Petty. 
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97  (3)    Mouth  neariy  in  ceatei  of  Urge  corona.  .    Order  PloaculuiiU  .   .  98 

ConmB  ciTcuIar  or  drawn  out  into  lobes,  points,  or  anni.  Foot  oevec  eodiog  in  two  toe* 
plaocd  dde  by  dde.  Mostly  itudied  or  tube-bearing  totiters,  tbe  foot  fonulng  ■  disk  for 
tttsdimmt;  m  few  free-swimmiDg  ipedet  in  whicb  the  foot  mds  in  «  ainsle  toe,  gometlmei 
sccomiaiiled  by  a  don*!  spur. 


8  (loi)    Free  smnuning;  foot  ending  in  a  singje  toe. 

Family  Mickodonidae  .   .    99 

in  ootetwnatli  of  ■ctlve  dli>i  dlis  about  tbe  moutli 


99  (100)    Foot  as  long  as  body ,  Microcodan  Ehienberg. 

Body  doider,  coioDa  with  railed  borden,  lUghtly  bilobed;  foot  ilender,  straight,  ending  in 
a  angle  toe;  no  dorsal  spur. 

Only  one  spedes  (Fig.  931) if  Krocn/im  c/onu  Ehrenberg. 

100  (99)     Foot  not  more  than  half  as  long  as  body.  .  Mkrocodides  Bergendal. 
Body  not  so  slender;  foot  coding  in  one  toe  whlcb  is  sometimes  accompanied  by  a  dorsal 

Representative  spedes  (Fig.  93a).  .  MicrocodUles  robustus  Glasscott. 
toi  (98)    Attached,  or  bearing  tubes  if  free  swimming toa 

101  (105)    Cilia  around  corona FamUy  Floscuiashdae  .   .     103 

Corona  large,  forming  a  net  for  tbe  capture  oF  pny.  Cilia  about  its  edge  usually  fonnlog 
long  threads  or  bristles  which  do  Dot  beat  like  thiMe  of  other  rotifers,  though  they  may  move 
nuei  sknriy.    Jaws  undnate  (Fig.  933,  D). 


103  (104)    Corona  circular,  01  drawn  into  lobes,  or  pointed;  its  cilia  not  ip 

whorls  or  regular  groups. Floscularia  Oken 

Hany  9eda. 

Rq>resentative  species  (Fig.  933,  A  and  B). 

Floscuiaria  prohoseidea  Ehrenberg. 
(Fig,  934  and  861,  B,  page  561). 

F.  campanvhia  Dol»e. 

(Fig.  93s) P.uJtilobaWknehki. 

(Fig.  936) F.  edmiala  Coma. 
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t04  (103)    Corona  drawn  out  into  long  pointed  arms,  which  bear  diia  ananged 

in  whorls. Siephanoceria  Ehrenbog. 

One  qiedes  only  (Fig.  937).  .  Slepkanoceros  eichhomii  Elirenberg. 

los  (103)    No  dlia  on  corona Family  Apsiudae  .   .     106 

106  (107,  loS)    Body  short,  sac-like Afsiltu  Metschnikoff. 

Qnonaalargeucorduinbci;  mfoot;  attached  by  an  uHKavcduk.    Two  or  three  qtedc*. 

Representative  species  (Fig.  938).  .   .   .    Apsilus  bucinedax  Forbes. 

107  (106,  108)    Body  longer,  fusiform,  a  narrowed  neck  separating  oS  a 

conical  anterior  part Atrochus  Wierzejslu. 

Coteua  a  membnoous  lins  with  Gvc  diort  lobea  beuing  tentadea. 

Only  one  apedes  (Fig.  939).  .  Atrochus  lentaculalu3WKrK}dix. 

loS  (106, 107)    Body  long,  with  a  long,  slender,  tapering  stalk. 

Acydus  Leidy. 
Corona  with  but  one  inge  dorsal  lobe.    Lndng  tn  ooloito  of  Utfalolreclu  aSx^fiatiiciua. 

Representative  species  (Fig.  941) Acyciits  inqitielus  Leidy. 

109  (i)  Corona  surrounded  by  two  parallel  wreaths  of  cilia  with  a  furrow  be- 
tween. Cilui  of  outer  wreath  always  shorter  than  those  of 
inner. 

Order  Uellcertlda  .   .     no 
The  furrow  between  the  wieathi  of  dlia  sometime*  dothed  with  shoTt  dlia.    Jaws  malleo- 


tamate  (F^.  866).  Foot  never  endiag  in  two  toes  Me  by  sidei  aametimes  lacking.  Eyea  t* 
rardy  absent.  ^led  or  free  swimmins;  tbe  ftte-^wimming  ipedes  often  without  foot  ai 
frequently  bearing  appendages  on  the  body. 

iro(i3i)    Free  swimming  and  not  in  tubes  or  in  colonies. in 

III  (i3o)    Not  spherical 113 

113  (115)    With  a  lorica.    Without  appendages. 

Family  PTERODtNiDAE  .  .     113 

113  (114)    Foot  present,  long,  ringed,  ending  in  a  bunch  of  dlia. 

Plerodina  Efarcnberg. 
Lnics  mme  or  less  flattened  dono-ventrally.    Many  spedes. 

Representative  spedes  (Fig.  943).    .    .  Plerodina  patina  Ehrenberg. 
(Fig.  866,  B,  page  575).    .    P.  casca  Parsons. 

114(113)    No  foot Pompholyx  Goaae. 

Lsria  not  fUt    Two  or  three  spedes. 

Representative  spedes  (Fig.  940).  .   .     Pompholyx  complanta  Gosse. 
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115  (112)     Without  lorica.     With  spine-like  or  limb-like  appendages.     No 
foot Family  Pedauonidae  ,    .      116 


116(117,118,119)     Appendages,  two,  very  long PedOes  Gosse. 

Representative  species  (Fig.  943) Pedeks  saUator  Gosse. 


117  (116, 118, 119)    Appendages,  three,  spine-like.     .     Tnartlira  Ehrenbeig. 
Two  or  (bice  tpedca. 

RepreseQtativespedes(rig.  944,  ^).  .  Triarthra  UmgisOa  Ehieahei^. 
(Fig.  944,  B) r.  fifocAwta  Rousselet. 


One  species  only  (Fig.  945)-  ■    •  Tetramasttx  opotienHs  yj^rtinnaWi 


Repiesentattve  spedes  (fig.  94^)-  •   •  •    Ptdaiion  mirum  Hudaon. 


lao  (ill)    Bodyspherical,  nofoot. Family  Trochosphaeudax. 

One  genus  only Trochosphaera  Semper. 

Repre3entativesi>ecies(Fig.  947).  .   Trochosphaera  sohliliaHs  Tboipe. 
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121  (no)  Fixed  by  the  tip  of  the  stalk-like  foot,  or  with  tubes,  or  in  colonies. 
Secondarily  free  in  a  few  cases,  then  distinguisliable  by  the 
soft  elongated  body,  without  lorica  or  appendages. 

Family  Meliceetidae  .  .     i« 


'  {^30,  133)    Individuals  attached,  separate,  or  in  branching,  oon-spherical 
colonies  of  few  specimens  (1-30) 133 


133(124,135)    Corona  four  lobed Me/tcefHa  Schiank. 

Two  lobes  ID  one  spcdes.    Living  in  tubes.    Several  spedts. 

Representative  species  (Fig.  948  and  Fig.  866,  ^4,  page  575). 

MeUcerla  ringens  Schrank. 


134(113,125)     Corona  eight  lobed Octolrocka  Thoipe. 

Representative  species  (Fig.  950).  .    ,    ,    Octolrocka  speciosa  Thorpe. 


135(113,124)     Corona  more  or  less  two  lobed. 136 


116  (129)    Dorsal  antenna  minute  o; 


DocmI  SDleoim  mlDute,  ventral  antennae  loDg;  living  in  tubes  not  made  with  pellets.    Sev- 
enlspedet. 

Representative  spedes  (Fig.  949).  .    .  Limnias  ceralopk^  Schrank. 


laS  (127)     Corona  a  wide  oval  or  nearly  circular,  indistinctly  two  lobed. 
Dorsal  gap  minute OecUtes  Ehrenberg. 

Donal  antenna  inoHUiBcuoiu  or  absent.    Ventral  antennae  obvious.    Living  attached  In 
tidMa.    Many  vedes. 

Representative  species  (Fig.  951) Oecisks  brevis  Hood. 
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ia9  (lad)    Dorsal  antenna  very  large,  with  two  projections  or  hooks  at  its 
aide Cephalosipkon  Ehreuberg. 

Rq}Tesentativespecies(Fig.  956).  .  CephaloriphonUmniasElaenbtig. 


130  (133, 133)    Not  attached  nor  forming  colonies,  save  that  one  adult  may 
be  grouped  with  its  young 131 


131  (133)    Not  forming  tubes Pseudoecistes  Stenroos. 

In  otber  rtwecti  like  CtthalaiipkoK.    One  or  two  Bpedcs. 

Representative  species  (Fig.  954).  .   .  Pseudoedstes  ritlijer  Stenroos. 

133  (13 1)    Inhabiting  a  tube. ConockiMdet  IBa.-m. 

Indivldiuli  upuate  or  one  gniipad  with  its  youag.    One  or  two  tpttits. 

Representative  species  (Fig.  953).  .    .    .  Conochiioides  tutsans  Seligo, 


133  (t33,  rjo)    In  clusters  of  many  individuals,  forming  usually  a  ^herical 
colony  appealing  to  the  naked  eye  as  a  yellowish  ball.  .     134 


134  (137)    Clusters  attached. 135 


13s  "(136)    No  tubes JfegdbtrocAa  Ehrenberg. 

Colonies  often  levenl  mlllinuten  tn  diameter,  Utacbed  to  iduiti.  Individuala  oat  imbedded 
in  ft  gelitiaous  ma»;  cotodb  broad,  kidney  shaped.  Body  usually  with  two  or  four  opaque 
waiti.    Several  qiecies. 

R^resentative  species  (Fig.  955). 

ilegalotrocha  aibofiaticans  Ehrenbeig. 


131^(135)    Duelling  in  transparent  gelatinous  tubes.  .  Z^ia'niJanii  Scbweigger. 
Qdony,  a  nwM  <rf  srane  nun.  in  diameter,  ofteu  appean  to  be  imbedded  in  a  maia  of  i^. 
Ceema  bewt  ah^ied  (Figs.  861,  A,  and  g6j}.    SevBral  vodes. 

Representative spedes  (Fig.  861, il,  page  561,  and  Fig.  865,  page  575). 
Lacinularia  iociaUs  Ehrenbeig. 


137(134)    Clusters  or  colonies  free  swimming.  .   .  .    CmwAt/iu  Ehrenbtxg. 
Two  ot  three  qwdca. 

Representative  species  (Fig.  953).    .  ConixkiliK  unicornis  RouBidet. 
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138  (i)    Two  ovaries Subclass  Dlconoikta. 

In  fresh  water;  only  one  group.  •  .   .   .  .  Order  Bd«lloid«  .   .     139 

Pree-liTiiu.  Swimimii^  witli  the  oarona  or  cncping  like  a  Icecfa,  of  both.  Body  wtthout 
lories,  iuuB%  nndy  qiuidricBl,  dotaU  and  ventnl  iurfocea  not  beias  moiiHcuouily  differ- 
entiated, and  compoied  of  rinn  whidi  m^  be  drawn  one  within  the  other  in  teleioaplc 
bdikm.    A  dorwl  pioboidi  behmd  the  coroiia:  jaws  nmate  (Fig.  867). 

i3g  (146)    Corooa  present. 140 


140  (145)    Corona  of  two  nearly  circular  disks  raised  on  short  stalks,  present- 
ing the  appearance  of  two  wheels. 

Family  Philoddodae  .    .     141 


141  (144)    Eyes,  two. 143 


143  (143}    Eyes  in  the  dorsal  proboeds Rotifer  Schrank. 

Several  qiedes. 

Representative  species  (Fig.  958).    .   .     Rotifer  eitrinus  Ehrenberg. 
(Fig.  960).    .   .    .    A  «^(MMiM  Ehrttibeis. 


143  (143)    Eyes  in  the  neck,  directly  over  the  biain,  just  above  the  jaws. 

Phiiodina  Euenberg. 
Seveial  q>ede9. 

Representative  species  (I^g.  959).  .   .     PhUodina  roieeia  Ehrenberg. 
{Fig.867,i4,pBge577).  .    .     i*.  iryeri  Weber. 


144  (141)    Eyes,  none CaUtdina  Ehrenberg. 

Tbe  gtoui  CaUidimi  when  revised  will  be  broken  into  leveial  genera.    Many  spedei. 

Representative  spedes  (Fig.  96r).  .     CaUidina  anguslicoUis  Munay. 


145  (140)    Corona  a  flat  surface  covered  with  alia  on  the  ventral  side  of  the 

anterior  end Family  Adinetidae. 

One  genus  only Adineta  Hudson. 

Representative  species  (Fig.  957) Adinela  voga  Davis. 


146  (139)    No  corona FamOy  Micsodinidae. 

The  month  bai  a  group  of  dlia  about  it. 

One  genus  only. Mtcrodina  Murray. 

R^resentative  species  (Fig.  963  and  Fig.  867,  B,  page  577). 

ificrodina  paradaxa  Murray. 
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CHAPTER  XVin 
GASTROTRICHA 

By  henry  B.  ward 

Ptefaitr  »!  Zrtitt:/,  Vaitrsit}  of  Ittiaais 

Among  the  microscopic  animals  common  in  fresh  water  and 
limited  in  distributioQ  to  that  environment  are  certain  minute 
prganisms  known  as  the  Gastrotricha.    Though  limited  in  variety 
of  species  they  are  so  abundant,  so  widely  distributed,  and  so  strik- 
ing in  appearance  as  to  command  the  attention  of  every  student 
of  aquaUc  life.     They  live  in  numbers  among  algae  and  debris  and 
in  almost  every  bottom  collection  appear  in 
company  with  the  rotifers  and  protozoans.    In 
movements  and  habits  they  resemble  closely 
the  dliate  Protozoa,  and  are  easUy  confused 
with  them.    Ehrenberg,  who  first  described  in 
detail  the  structure  of  these  organisms,  placed 
them   among   the  Rotifera   and   many   later 
investigators  have  followed  this    suggestion. 
Others  incline  to  regard  them  as  Nematoda 
Irom  which  they  differ  most  strikingly  in  pos- 
sessing  cilia  which   are   not  known  in   other 
worms  of  that  group.     In  size  they  are  strictiy 
microscopic,  varying  from  0,54  nun.  in  maxi>  ^ 
mum  length  to  only  one-eighth  of  that.    They 
constitute   a    distinctly   tmiform    group    not 
closely  related  to  any  other  existing  types  of 
animal  hfe.     Our  knowledge  of  the  anatomy 
of  these  organisms  is  due  principally  to  the 


miudeg;  B,  bnla:  B,  t 


T   1-    1       -      r^  M.muBCMg;  0,  bn 

Zehnka  m  Germany.  o,  e»ph>cui:  i. . 

The  general  structure  of  the  group  is  well    zstink..) ' 

ilhistrated  in  the  figure  of  Chaetonolus  maximus  taken  from  Zelinka's 

monograph  (Pig.  963).    While  the  form  of  the  body  approaches  a 

cylinder,  there  is  usually  an  expanded  area  in  front  known  as  the 

ail 
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"head,"  a  narrower  part  just  behind  it  called  the  "neck"  and  the 
larger  "rump,"  or  body  proper,  which  constitutes  the  major  portion 
of  the  animal.  These  regions  are  not  sharply  limited  and  sometimes 
can  not  be  distinguished  at  all.  They  do  not  correspond  to  any 
internal  structures.  The  ventral  surface  is  more  or  less  flattened 
and  the  dorsal  surface  arched  as  is  conspicuously  seen  in  side  view. 

The  head  bears  at  its  tip  an  opening,  the  mouth,  surrounded  by 
a  row  of  delicate  oral  bristles  which  point  forward.  The  sides  of 
the  head  are  often  lobed  and  cany  two  circles  or  series  of  groups 
of  fine  sense  hairs;  those  of  the  anterior  series  point  outward  and 
forward  while  the  others  are  usually  directed  backward.  Some- 
times the  entire  body  is  smooth,  or  it  may  be  partly  or  entirely 
covered  with  phites,  spines,  or  hooked  bristles.  These  furnish 
the  criteria  for  the  distinction  of  species  and  are  carefully  described 
in  the  key. 

The  posterior  end  of  the  body  may  be  bluntly  rounded,  pointed, 
or  forked.  The  caudal  processes,  often  spoken  of  as  "toes,"  cany 
special  bristles  and  contain  cement  glands,  the  secretion  of  which 
is  expressed  through  terminal  pores  and  enables  the  animal  to 
attach  itself  temporarily  to  objects  in  the  water. 

On  the  ventral  surface  are  two  bands  of  dlia  near  the  median 
line,  extending  nearly  the  entire  length  of  the  body.  These  con- 
stitute the  chief  organs  of  locomotion.  The  movements  of  the 
Gastrotricha  are  so  graceful  as  to  elicit  admiration  from  every 
observer.  In  motion  they  recall  the  lot^-necked  infusoria,  though 
excelling  the  latter  in  speed  and  variety  of  movement.  By  bend- 
ing the  body  sharply  on  itself  the  animal  may  instantly  reverse  its 
course.  Those  species  possessed  of  long  bristles  utilize  them  in 
moving  by  leaps  like  jumping  rotifers.  Other  species  employ  the 
caudal  processes  in  movonent,  looping  the  body  and  attaching  the 
tips  of  these  toes  succesavely  in  different  places. 

The  internal  anatomy  is  simple.  From  the  mouth  (Fig.  964,  A), 
a  straight  alimentary  canal  traverses  the  length  of  the  animal 
terminating  in  a  simple  anal  orifice  just  above  the  posterior  end  of 
the  body.  One  can  distinguish  an  anterior  muscular  r^on,  the 
esophagus  and  a  posterior  portion,  the  intestine  (Fig.  964,  C).  which 
is  lined  by  large  digestive  cells,  rich  in  protoplasm.    Small  gland 
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cells  on  the  esophagus  are  designated  as  salivary  in  character 
and  other  gland  cells  in  a  fringe  at  the  beginning  of  the  intestine 
have  been  regarded  as  hepatic  or  liver  cells.  The  food  of  the 
Gastrotricha  consists  mainly  of  unicellular  algae,  the  tests  of  which 
can  often  be  recognized  in  the  intestine. 

Six  pairs  of  delicate  longitudinal  strands  constitute  the  entire 
muscular  system  as  there  are  neither  circular  nor  oblique  muscles. 
One  pair  of  muscles  extends  nearly 
the  entire  length  of  the  body;  -* 
the  others  occupy  only  the  ante- 
rior or  the  posterior  region  meeting 
near  the  center.    They  lie  in  the 
body  cavity  which  is  devoid  of 
any  special  Uning  epithelium.  The 
head  region  of  the  body  cavity 
is  almost  completely  filled  by  a  ^ 
saddle-shaped  mass  (Fig.  964,^)01 
nerve  cells  dorsal  and  lateral  tOp, 

the  esophagus  which  constitutes  ^ti^^^^^tX^i^J  ^u:!l^ 
the  brain.  From  it  nerve  fibers  ^JST^ii^Jw  i' .TtU^bTuwft'; 
go  out  to  the  anterior  sense  hairs  SSc'-g^^^^^.^^^Sfe 
and   lateral  strands   follow    the   tmoc  «g»irTtbe  body  (howim  bXr  the"^ 

,  tcflUne,  nctiuDt  ud  uiui^  above  m  tbe  ovuy  ft 

alimentary  canal  to  the  posterior    p^f  rfp.  ««:  on  the  upp«r  >urf>a  Im 

■'  '^  bnsUcs,  ud  U  the  pastenot  lip  que  oI  Ihc  loa 

end  of  the  body.    Minutepigment     ■nttiUulhan'egliad.  Xwo.     (AlluZtlink..) 

spots  which  may  be  designated  as  eyes  certainly  occur  in  some 
species  de^ite  the  doubts  expressed  by  Zelinka. 
Excretory  organs  are  present  in  the  form  of  a  pair  of  lateral 
'  much  coiled  tubes  near  the  center  of  the  body.  The  iimer  end  of 
each  tube  is  closed  by  a  long  Same  cell  and  the  outer  end  opens 
on  the  ventral  surface  near  the  median  line  and  just  behind  the 
center  of  the  body.  Just  behind  these  coils,  in  the  mature  females, 
he  the  large  eggs  that  mark  the  anterior  limit  of  the  simple  ovary. 
These  eggs  become  so  large  that  they  extend  over  one-third  to 
one-half  the  length  of  the  entire  body  and  increase  its  normal 
transverse  diameter  noticeably  so  as  to  modify  greatly  the  form  of 
the  gravid  female.  The  large,  oval  eggs  are  laid  on  algal  threads 
or  empty  shells  of  other  animals.    When  deposited  they  have  a 


^Fni.  964.  CitubnH*!!  MufaHU.  ^ ,  optiul  lonsitu- 
j?_..  — .;._  ^L V   ■__  ^p  ^  ^jj^  body 
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tough  thick  shell,  often  covered  with  hooks  and  knobs,  that  seem 
to  anchor  them  in  place.  When  the  embryo  has  reached  its  full 
development  its  vigorous  movements  burst  the  shell  and  a  full- 
grown  animal  emerges. 

No  one  has  yet  described  a  male  and  it  is  uncertain  that  any 
other  type  than  the  female  exists.  This  form  may  have  a  sperm- 
producing  organ  yet  xmdiscovered  and  thus  be  in  reality  hermaph- 
roditic or  may  rq>roduce  exclusively  by  parthenogeneas. 

The  Gastrotricha  have  been  studied  but  little  in  North  America. 
Of  the  seventy-five  species  thus  far  described  only  sixteen  have 
been  recorded  from  the  United  States.  Most  of  these  were  found 
and  described  by  Stokes  at  Trenton,  New  Jersey.  While  this  dis- 
tribution appears  highly  local  there  is  no  doubt  that  search  in 
other  places  will  demonstrate  for  American  species  the  same  wide 
general  distribution  that  has  been  shown  for  European  forms. 
Further  study  will  doubtless  result  also  in  the  discovery  of  many 
other  spedes  on  this  continent,  since  the  evidence  thus  far  secured 
indicates  that,  like  most  minute  aquatic  organisms,  these  forms,  too, 
are  cosmopolitan  in  distribution. 

KEY  TO  NORTH  AMERICAN  FRESH-WATER  GASTROTRICHA 

I  (31)    Caudal  end  prolonged  into  two  prominent  lateral  processes. 

Suborder  Euichtbydina  .   .     3 
Each  oiudal  procem  enclose*  a  gtanduUr  amiantus  and  bean  a  pore  at  the  ttp. 
a  (11)     Body  naked,  scaled,  or  covered  with  rugosities  or  [Mpillae,  but  never 
bearing  spines Family  Icthydodae  .    .     3 

3'(6)    Body  without  scales;  cuticula  smooth. 

Ichtkydium  Ehrenberg  1830  .    .     4. 
Seven  or  eight  spedes  desoibed;  only  two  reported  from  North  America. 

4  (5)    Surface  of  body  entirely  smooth,  no  constant  furrows  or  ridges. 

Ichtkydium  podura  O.  F.  MuUk  1786. 

i.oiSS  mm.,  caudal  procesa  0.00S7S  mm. 

„. ..„ ^163  mm.     The  cuticula  is  thin  and  is 

often  Uid  in  deep  wrinkles,  but  these  are  entirely  inconstant.  The  lateral 
margins  show  no  trace  of  being  Battened.  The  cavdal  processes  are  sharply 
set  o9  from  the  body.    Eggs  smooth. 

Fra.  9Ss.    IdUkyUmm  fima  Ea  dotMl  view.    X  afia.    (AfW  ZdiakaJ 
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S  (4)    Doisal  and  lateral  surface  with  deep  tnusverse  furrows.     Posteiior 
rtgion  of  body  narrow  and  dongated. 

Icklhydium  sulcatum  Stokes  1887. 

Total  lenstb  0.107  to  0.187  mm.;  aophagus  not  more  than  one-tiitb  the 
entire  length.  The  body  ia  unusiwlly  ult  and  flexible.  The  l&tenl  tuargins 
tie  >o  flattmed  that  they  impart  to  tlie  body  the  eflect  of  wings.  The  po*- 
terior  legioD  Is  nanow  and  veiy  much  longer  than  in  other  apedes. 

Fio.  96E.    Pgtterlor  rtflaa  of  laUMiMi  nJcohM  in  donal  upect     X  about  600. 

(Alter  Stokia.) 


6  (3)     Body  covered  with  smooth  scales  or  with  rounded  papillae,  but  without 

spines Lepidodatna  Zdinka  i88()  .    .     7 

Six  ipedes  described;  thiee  ceported  from  North  America. 

7  (10)     Minute  soft  scales  present 8 


8(9)     Scales  shield-shaped.  .    .    .     Lepidoderma  squamatitrK  (puiaidin)  1841. 

Length  ot  body  from  o.iip  to  0.1  mm.,  of  esophagus  0.041  to  0.044  mm.;  breadth  of  aoteriot 
region  0.033  nun,,  of  postenor  body  also  0.033  nun.     Large  smooth  scales  near  the  posteiior 

In  profile  rimulate  curved  bristles  or  splaes.    Sc^es  01 

;  on  pMtoior  region  eight  rowi  preten 


(^00 


9  (8)     Scales  rhombic,  pointed. 


Lepidodtrma  rkomboida  (Stokes)  iSi 


Pn.  9««.    UUititma    nhmsMto. 

Tkwoibtad.  £,cuid>lbruKh.  C. ,— . 
-      JO.    (After  Stokes.) 

Length  0.19S  mm.;  breadth  of  anterior  re^n 
0x136  mm.  Body  loag,  sleixiei.  Esophagus 
short,  "not  over  one-slitb  total  length."  Scales 
0.00506  mm.  long,  thicbiaed  along  the  margins. 


al  process  T«naikably  long,  mailed  by  about  fo 
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10  (7)     Body  covered  with  hanispheiical  papillae. 

Lepidodtrma  cu 


r  cyliodiical.  Bixk  uid  sides  covered  with 
lu  amiigcd  in  tMi±-«ct  oblique  rowi.  Egg 
;.     New  Jersey. 


11  (i)     Body  provided  with  spines  dther  attached  to  the  dennal  scales  or 

springing  directly  from  the  surface. 

Family  Chaetonoiidae  .    .     13 

12  (30)     Caudal  process  simple;  ^Ines  attached  to  dennal  scales. 

Chaetonotus  Ehrenberg  1830  .    .     13 
A  line  and  complicated  gnHuii  more  than  forty  spedes  siresdy  described;  ten  species  re- 
ported »om  North  America  by  Stokes. 

13  (10)    Dorsal  spines  nearly  uniform  in  length,  at  most  twice  as  long  on 

posterior  region  as  on  anterior  region,  and  without  any 
marked  transition  from  one  size  to  another 14 

14  (15)    Dorsal  spines  with  accessory  barbs  or  points.    Anterior  regioa 

sharply  set  off  from  so-called  "neck." 

Ckaetonotui  simiUi  Zelinka  r889. 

Length  of  body  o.ii  to  0.11  mm.,  of  esophagus  0.05  mm.  Body 
Coverad  doisally  and  latenlly  with  triangiilar  icales  cuiying  qancs 
with  acccBsoiy  point.  Oral  fmmel  plicate.  Originally  docribed 
from  Trenton,  New  Jeraey,  u  Ch.  maximui  wUch  it  closely 
resembles  in  bead  and  body.  Under  a  high  iDagni6cation  diSer- 
ences  iri  Ihc  aj^ries  appear.  All  oF  them  arc  forked  and  have 
a  fine  latoal  point  near  the  tip. 


Flo.  970.    ChatHHml<H  limHii 


nmiHj  in  doml  vww.     X  ATS-    ^i 
lide.     K1600.    (After  ZdlnCi.) 


Digitized  byCoOgIC 


GASTROTMCHA  627 

IS  (14)    Doisal  spines  simple;  t^.,  without  latn^  bubs  or  points.  ...     16 


16  (17)    Anterior  region  sh&rply  set  off  from  narrow  "neck"  r^ion. 

Chaetotwtui  formosus  Stoka  1887. 

Loisth  0.169  min.  Onl  ring  minutdy  b«*ded.  Head  three  lobed.  Doiwl  uid  lateral 
upecti  of  body  covered  with  ihoit,  fine  recurved  ipine*  with  di^t  baul  enlargements  (but 
without  icales?).    Sptnet  all  subequal,  in  length  0.0301  mm.,  or  less.    Trenton,  New  Jetaey. 


17  (16)    Transition  from  anteioi  region  to  body  gradual,  not  sharply  mariced 
at  any  point 18 


iS  (19)    Head  rounded Chaetonotiu  brerispinotus  Zelinka  i 


I^nsth  of  body  o.oqs  to  0-149  mm.,  of  eso^iasui  0.0113  """■ 
Spines  aomewhat  curved,  remarkably  short,  sUchtiy  larger  poate- 
iioiiy,  arranged  in  eleven  rows.  Hod  drcijar  in  front,  with  four 
eye^poti.  Tbe  only  American  species  reported  more  than  o 
Orono,  Me.,  and  Trenton,  New  Jersey.  Ituthi  ~  ' 
also  ol  Feroald. 


ta  the  C.  lana  of  Stokes. 


Fid.  gri.    ClmtlimaMi  tnWif 


19  (18)    Head  five  kibed CkaOonolus  ocanAodes  Stokes  1887. 


Length  o.r4ii  mm.  Body  covered  with  scales  which  bear  each  a 
tmalt  supplementary  scale;  the  latter  in  the  anterior  region  possesses 
a  ^rt,  curved  Bpiue;  just  behind  the  middle  of  tbe  body  these  temii- 
nate  in  a  cross  row  of  larger  a|rines.  On  each  side  near  the  caudal 
processes  ace  two  larger  curved  spines.    Trenton,  New  JersQr. 

Pm.  9T1.    Potterhir  aiA  ol  Clutltiuttu  acanlluiu  ta  dorsal  view. 
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30  (13}    CtftuD  dorsal  spines  of  much  greats  length  than  others. 

n  in  thii  group  thu 

jf  European  (pedes  b>ve  simple  it  ■  ■-  — .■ r-     — ^ 

tpum  daues  tbe  Deit  ipedcs  unooi  ue  latter  despite  Stokea'  positive  itatement  that  the 
ttiaa  ate  bihucate. 

31  (a6)     Head  and  neck  free  from  oavenng  of  small  spines.    Large  ^lines  on 

body  proper aa 


39  (33)    Laige  dorsal  spines  in  longitudinal  rows  and  of  approzimatdy  equal 
length Chatlonolus  ocionanus  Stokes  1887. 


Tom  of  three  spines  each  and  a  mediae  rov  with  one  aoterioi  and  01 
postetiot  tpiat.     The  Gguies  and  descriptions  given  by  Stokes 

Rait;  Trenton,  New  Joaey. 


a  sepaiate  spedes. 


.    CtM<MWlw«(sMrJiulndotidvie«.    XabootsSo.    (AAa Stokes.) 


33  (aa)    Large  dorsal  spines  in  two  distinct  transverse  rows,  with  spines  in 
one  row  dearly  longer  than  those  of  the  other 34 


a4  (as)    Eight  (rarely  fewer)  large  spines  in  two  transverse  rows  set  dose 
together. ChaelonoHa  longupinosus  Stokes  1887. 


Loigth  0.07J6  mm.  Large  spines  usually  dtftt.  font  in  each  nnt,  or 
five  in  one  and  three  in  the  other;  sometimes  only  four  spines  fn  all 
(the  others  lost?);  longer  si^nes  In  posterior  row.  The  figure  id 
GrUnspann  is  really  the  next  spedes.  The  European  form  identified 
as  this  spedes  is  twice  as  large.    Trenton,  New  Jersey. 


Fu.  974.    Clutleiulmi  limiiipiiunu 
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5  (34)    Sevra  (rarely  fewer)  large  spines  in  two  widely  separated  transverse 
rows. Chaelonotus  spinttlosus  Stokes  1887. 


Length  0.0675  to  o.oSg  mm.  Usiully  four  Uige  ipioes  in  ulterior 
row  anJ  three  id  posterior.  Some  mty  be  Bupproied  (ot  lost?),  leav- 
ing three  in  front  and  only  one  in  the  center  behind.  Sinnes  of 
■ntcfior  row  dhtiDCIly  looger.  Est  °^339  o>™-  loos,  covered  on 
one  lidc  mth  ihort  hiira.  The  embryo  escapes  in  thirty  hours  and 
thirty  boura  later  the  young  individual  sbowi  an  ovaiiui  egg  in  vhicb 
the  nucleus  becomei  cooqticiKiua  six  bouis  later. 


Xi6j.    (AftnStokK) 


6  (21)  Spines  present  on  head  and  neck  much  smaller  than  those  on 
body a? 

37  (28,  39)  Four  'transverse  rows  of  large  dorsal  spines  on  posterior  region 
of  body.  Also  one  large  lateral  spine  on  eadt  side  at  caudal 
process Ckaetonottu  acatUhopkona  Stakes  18S7. 


L«Dgth  o.ioB  mm.  Head  tad  neck  covered  with  ihort  s{dan. 
Large  ipines  on  body  in  (our  cross  rows  of  five  each,  not  alternating 
90  that  they  appear  also  as  Gve  longitudinal  rows  of  four  qana  each. 
Tbelait  lalenUqiine  at  the  t»ae  of  the  caudal  nocess!  '~  ~ 
like  those  in  the  donal  rows.    Trenton,  New  Jersey. 


^iiM.     X  about  Ii6s.     (AltsStokM.) 


38  (37,  39)    One  transverse  row  of  large  spines  just  in  front  ot  the  caudal  end 
of  the  body CkaetotuHus  spinifer  Stokes  1887. 

Length'o.iOM  mm.  Bade  and  sdea  covered  by 
rounded  imbricated  scales,  each  with  stout  recurved 
fpine  minutely  lurcate  at  tip.  The  four  spines  In  ■ 
smgle  series  immediately  in  front  of  the  caudal  process 
are  much  larger  and  stouter  than  those  on  the  rest  of 
the  body.  Egg  ornamented  with  processes  varying 
in  length  and  shape  b  different  ipedmens.  Stokes 
distinguishes  eggs  with  three  separate  patterns,  respec- 
tively, o«TOS,  0.073S.  and  00793  mm. long.  Trenton. 
New  Jcney. 

itinittr.    A ,  spinoH  seals 
trifid  M-*  -—■-"-■  -^-  '- 


BpiDd  in  profile 
(AftB  Stokes.) 
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39  (37,  38)    Five  transverse  rows  with  thirteen  large  spines.    Also  two  con- 
spicuous lateral  spines  on  each  side  near  the  end. 

Chtietonoltts  enormis  Stokes  1887. 


_  Length  0.0846  nun.    Of  the  thirteen  large  spines  thns  stand  In  the  inte- 

la  the  fourth  row.  uul  one  at  the  center  in  the  htth  row.  On  each  aide 
new  the  cauda]  process  are  two  (orkcd  spines  easily  conlused  with  those  o( 
the  five  tbwi  which  they  much  resemble.     Trenton,  New  Jersey. 


30  (13)    Caudal  process  branching  or  notched.    A  transverse  row  of  taige 
spines  near  its  base.    Body  surface  rough. 

'Chaeturina  Ward.. 
Only  one  spedes  known. 

Chaetwina  capricomia  (MetchinkoS)  18(14. 
A  nramp  aninial  not  yet  reported  from  North  America- 
Si  (i)    No  caudal  processes.     Posterior  end  simply  rounded  or  lobed,  in  the 
latter  case  provided  with  long  fine  spines. 

Suborder  Apodlna. 

Reported  from  North  America Family  Dasydytidas. 

iwo  genera  described  for  Europe. 

Single  North  American  gentis Dasydytes  Gtxae  i&$i. 

Several  spedes  listed  from  Europe, 

Only  species  reported  from  North  America. 

DasydyUs  salens  Stokes  1887. 


Length  o.o8j  mm.  Head  three  lobed,  distinctly  separated  from  body  by 
slender  neck,  provided  with  two  rows  of  dlia  which  vibrate  altemaCely, 
Four  long  heavy  spines  arise  on  each  aide  near  the  nect  and  cross  the  back 
obliquely.  Two  long  straight  spines,  and  two  others  long  and  curved, 
project  from  the  posterior  end.  This  spedes  swims  rapidly  but  also  moves 
by  sudden  leaps  to  one  side  or  the  other,  covering  a  distance  equal  to 
double  its  length  or  more  in  a  sin^e  jump.    Trenton,  New  Jersey. 


nc.  9T9-    Datydyla  lalHhiH  in  donal  view.    X  41 
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IMPORTANT  PAPERS   ON  NORTH  AMERICAN  GASTROTRICHA 

Ferkald,  C.  H.    1883.    Notes  on  tbe  Chatlonolus  lants.    Amer.  Nat.,  17: 

1317-1320;  3  &gs. 

iDteresting  biological  study  on  Ch.  brttispinosus. 
GrQnspanm,  Th.     1910.    Die  SUsswasser-Gastrotrichen  Europas     Ann.  fiioL 

Lacustre,  4:  311-365;  61  figs. 
SiOEES,  A.  C.    1887.    Observations  on  Chaetonotus.    The  Microscope,  7: 

i"^!  33"43i  '  pl-  Translated  in  Jour.  Miaog.,  11:  77-83, 150-153,  560- 

565;  1  pi. 
1887a.    Observations  on  a  New  Dasydyks  and  a  New  Ckaelonotus,    The 

Microscope,  7:    161-365;    i  pi.    Translated  in  Jour.  Microg.,  13:  19-33, 

49-51;  ip>- 
1896.    Aquatic  Microscopy  for  Beginners.    Third  edition  (Gastrotricha,  pp. 

I7ft-i93)- 
Zeunxa,  C.    1889.    Die  Gastrotricbeo.    Zdt  f.  wiss.  Zool.,  49:   309-384: 

SpL 
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AQUATIC   EARTHWORMS  AND   OTHER 
BRISTLE-BEARING  WORMS 
(CHAETOPODA) 

Bv  FRANK  SMITH 
Pnfiam  rf  SyMmtUt  Ztciao  *»i  Cutahr  ^  tin  UmuMm  if  Natunt  Biiltty,  VnifrtUt  a!  IBimtis 

Eabihworhs,  vjtli  tbdr  flexible  segmented  bodies  and  four 
double  rows  of  bristles,  or  setae,  are  objects  familiar  to  all  students 
of  animal  life.  Although  most  species  are  terrestrial  there  are  also 
aquatic  ones  and  these  are  abundantly  represented  in  our  fresh 
waters.  Closely  related  to  the  earthworms  and  similar  in  structure 
are  numerous  other  worms  which  are  essentially  aquatic.  These 
also,  with  certain  exceptions,  are  provided  with  setae  and  are 
included  with  earthworms  in  the  group  Oligochaeta.  The  setae- 
bearing  worms  of  the  sea  (Polychaeta)  commonly  bear  the  setae  on 
lateral  muscular  outgrowths  of  the  body  wall,  the  parapodia.  The 
Oligochaeta  and  Polychaeta  collectively  are  often  referred  to  as  the 
Chaetopoda. 

The  Chaetopoda,  Hirudinea  Qeeches),  and  certain  strictly  marine 
worms  which  are  not  under  con^deration  here,  are  included  in  the 
[diylum  Annelida. 

Fresh-water  Polychaeta 

Although  the  Polychaeta  are  essentially  marine  in  habit,  a  few 
q>ecie3  in  various  parts  of  the  world  have  become  adapted  to 
fresh-water  conditions.  Manayunkia  speciosa  Leidy  is  found  in 
the  Schuylkill  River  and  in  other  fresh-water  ^tuadons  near  Phila- 
delphia, and  Johnson  has  described  two  fresh-water  species  from 
the  western  coast  region,  —  Nereis  Umnicola  Johnson  from  La^e 
Merced,  near  San  Francisco,  and  Lycastoides  alHcola  Johnson  from 
Lower  California. 

These  are  stray  intruders  from  the  rich,  marine  fauna  of  this 
group  in  adjacent  salt  water,  and  none  have  yet  been  discovered 
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at  any  great  distance  from  the  sea.  Further,  more  careful  study 
of  the  life  in  brackish  water  estuaries  and  fresh-water  bodies  in 
dose  contiguity  with  the  ocean  is  likely,  to  reveal  the  presence  of 
such  forms  in  other  localities. 

Fresh-water  Ougochaeta 

The  Oligochaeta,  including  the  earthworms  and  related  aquatic 
forms,  are  segmented  worms  which  have  a  somewhat  extensive 
and  well-defined  body  cavity  separating  the  alimentary  tract  from 
the  body  wall.  They  are  hermaphroditic,  with  the  reproductive 
organs  limited  to  a  few  definite  segments  or  somites.  The  bristle- 
like setae  in  the  body  wall  aid  in  locomotion,  but  such  setae  are 
absent  in  the  family  Discodrilidae  which  are  parasitic  on  the  ex- 
ternal surfaces  of  crayfishes.  The  majority  of  the  species  are 
terrestrial,  and  the  aquatic  forms  are  nearly  all  confined  to  fresh 
water.  Seven  families  of  aquatic  Oligochaeta  are  found  in  the 
northern  hemisphere  and  are  all  abundantly  represented  in  the 
United  States. 

Morphologicai  RelaHons.  The  general  plan  of  structure  of  the 
aquatic  forms  agrees  essentially  with  that  of  the  earthworm. 
External  metamerism  is  indicated  by  the  transverse  grooves  and 
by  the  segmentally  arranged  setae,  and  the  corresponding  internal 
metamerism  is  recognizable  in  the  septa,  nephridia,  transverse 
blood  vesseb,  and  in  the  ganglia  of  the  ventral  nerve  chain.  The 
prostomimn  —  the  dorsal  part  6f  the  anterior  somite  extending 
anterior  to  the  mouth  —  is  very  flexible  and  sensitive,  and  is  an 
important  tactile  organ  which  in  some  species  is  prolonged  into  a 
proboscis  (Fig.  984.)  The  somites  are  numbered  consecutively  from 
the  anterior  end,  and  are  designated  in  these  pages  by  Roman  nu< 
merals  in  accordance  with  a  common  practice.  The  boundary 
between  two  somites  is  indicated  thus:  X/XI. 

The  setae  are  usually  conspicuous  and  are  of  taxonomic  impor- 
tance. They  are  commonly  grouped  into  dorsal  and  ventral  bundles, 
the  most  anterior  ventral  pairs  being  always  on  the  second  somite. 
Figure  991  illustrates  some  of  the  more  usual  types  of  setae. 

The  nephridia  are  the  segmental  excretory  organs,  whiditypi- 
calty'are  paired  and  are  usually  pj^nt  in  all  somites  of  the'>body 


IzcJbyCoOgIC 


634  FRESH-WATER  BIOLOGY 

except  a  few  anterior  ones  and  one  at  the  posterior  end.  Not  infre- 
quently some  of  the  nephridia  may  fail  to  develop,  when  a  more  or 
less  irregular  and  asymmetrical  distribution  results. 

The  reproductive  organs  of  the  fresh-water  Oligochaeta  are  ^mi- 
lar  to  those  of  the  terrestrial  earthworms.  One  or  two  pairs  of 
male  gonads  (spermaries  or  testes)  are  attached  to  the  anterior 
septa  of  certain  somites  and  extend  freely  posteriad  into  the  cavities 
of  the  somites.  One  or  two  pairs  of  ovaries  are  correspondingly 
^tuated  in  somites  posterior  to  those  which  contain  the  spermaries. 
The  sperm  ducts  of  most  species  have  their  internal  openings  or 
spenniducal  funnels  in  the  somites  which  contain  the  spermaries, 
and  the  external  openings,  or  spenniducal  pores,  on  some  somite 
posteriad;  but  in  a  few  species  both  openings  may  be  in  the  same 
somite.  In  many  species  the  sperm  ducts  are  modified  in  various 
ways,  giving  rise  to  prostates,  atria  and  storage  chambers  (Fig. 
990).  The  internal  openings  of  the  oviducts,  the  oviducal  funnels, 
are  in  the  ovarian  somite,  and  the  oviducal  pores  are  either  at  the 
posterior  boundary  of  the  same  somite  or,  more  conmionly,  on 
the  foUowing  one.  Accessory  reproducUve  organs  are  commonly 
present.  Evaginations  of  the  septa  of  the  somites  which  contain 
spermaries  form  sperm  sacs  in  which  the  sperm  cells  may  complete 
their  development  and  be  temporarily  stored  before  they  pass  out 
through  the  sperm  ducts  during  copulation.  Evaginations  of  the 
posterior  septa  of  the  ovarian  somite  form  ovisacs.  Invaginations 
of  the  body  wall  of  certain  somites  produce  spermathecae,  usually 
paired,  which  serve  for  storage  .of  the  sperm  cells  received  during 
copulation,  from  another  individual. 

Sexual  reproduction  occurs  in  all  families  of  fresh-water  Oligo- 
chaeta at  more  or  less  definite  seasons  of  the  year.  In  the  two 
families  Naidldae  and  Aeolosomatidae,  asexual  reproduction  by 
budding  is  the  mode  by  which  the  majority  of  new  individuals 
are  produced.  Figure  980  exhibits  the  main  features  of  the  process 
and  renders  an  extended  description  unnecessary.  The  body  waU 
thickens  anterior  to  the  middle  of  the  budding  somite  and  forms  a 
budding  zone,  the  anterior  half  of  which  gives  rise  to  an  indefinite 
number  of  new  somites  which  form  the  posterior  part  of  the  ante- 
rior daughter-worm.     The  posterior  half  of  the  budding  zone 
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pves  rise  to  a  definite  number  of  new  somites  (Eve  in  most  species 
of  Naididae),  which  form  the  anterior  part  of  the  posterior  daughter- 
worm.    The  daughter-wonns,  before  separation,  may  in  turn  de-  ' 
velop  budding  zones,  and  in  some  cases  even  a  third  series  of  these 
zones  may  appear  and 
thus  give  rise  to  chains  . 
of  incipient  individuals, 
or  zooids.    In  some  spe- 
cies chains  of  eight  zooids 
are  of  ordinary  occur- 
rence.     In    the    genus 
Chaetogaster  thr  plane 
of  division  is  in  a  septum 
between  two  somites. 

Althoughmany  aquat- 
ic Oligochaete  have  the  '^/X„;Sri;1S^B'Au?^^S^^tS'SS'.5^ 
power    to    regenerate       ««<»d'«<ku»,«™«ii««ia.  x«j,  (A(«LH.,i«t.) 

missing  parts,  greatly  developed,  there  is  lack  of  evidence  that  it  is 
of  much  importance  in  normal  reproduction. 

Environmental  Relations.  The  well-known  investigations  of 
Darwin  and  others,  on  the  action  of  terrestrial  earthworms  on  the 
soil  and  its  organic  contents,  have  led  to  a  general  appreciation  of 
the  importance  of  the  relations  of  these  animals  to  their  surround- 
ings. It  is  less  generally  understood  that  their  aquatic  relatives 
play  a  very  important  part  in  reducing  the  great  masses  of  aquatic 
vegetation  to  a  finely-conmiinuted  condition.  Oligochaeta  of 
various  species  abound  in  the  mud  at  the  bottom  and  along  the 
shores  of  most  bodies  of  fresh  water,  and  an  almost  continuous 
stream  of  this  mud  with  its  decaying  organic  contents  is  passing 
through  their  bodies  and  being  still  further  subdivided  and  de- 
prived of  organic  material  and  its  available  energy.  Nimierous 
other  species  swarm  in  the  decaying  leaves  and  steins  of  coarse 
vegetation  of  swampy  areas  and  materially  aid  in  their  disintegra- 
tion, while  still  other  kinds  populate  the  floating  masses  of  algae, 
which  they  rapidly  devour  as  decay  progresses.  Since  under 
favorable  conditions  it  requires  but  two  or  three  days  for  Naidi- 
fonn  worms  to  reproduce  by  budding,  they  multiply  with  such 
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rapidity  that  they  can  extensively  populate  large  masses  of  mori- 
bund algae  in  a  very  short  time,  and  their  activity  accounts  id 
part  for  the  speedy  disappearance  of  such  masses  in  the  autumn. 
Although  many  of  these  worms  will  not  thrive  in  polluted  water, " 
others  are  adapted  to  foul  conditions  where  fermentation  is  rife, 
and,  in  fact,  multiply  most  rapidly  in  such  situations.  Some 
spedes  of  this  sort  feed  extensively  on  the  zoogloeic  masses  which 
abound  where  fermentation  is  active.  The  food  of  most  Oligo- 
cbaeta  consists  chiefly  of  decaying  vegetable  matter,  but  wonns  of 
a  common  Naid  species,  Chaelogaster  diaphanus,  have  a  marked 
preference  for  Chydorus  sphaericus,  a  Cladoceran  species  which  they 
capture  and  devour  ia  large  numbers.  Worms  of  the  family  Dis- 
codrilidae  are  parasitic  on  crayfishes. 

Certain  of  the  Naididae  can  swim  effectively  in  open  water,  but 
a  great  majority  of  the  Oligocbaeta  are  limited  to  crawling  move- 
ments for  locomotion. 

Striking  structural  adaptations  are  not  siunerous  in  the  group, 
but  the  peculiar  modification  of  the  posterior  end  in  Aulophorus 
and  Dero  for  purposes  of  respiration,  deserves  mention.  These 
worms  live  chiefly  in  tubes  of  their  own  making  or  with  their 
bodies  almost  wholly  buried  in  masses  of  vegetable  material,  and 
respiration  is  aided  by  well-developed  gill  structures  (Fig.  985). 
The  Discodrilidae  in  adaptation  to  their  peculiar  mode  of  life,  have 
become  so  leech-like  in  action  and  external  appearance  that  for- 
merly it  was  usual  to  treat  them  as  belonging  to  the  Hirudinea 
rather  than  to  the  Oligocbaeta. 

Collection  and  Preservation.  The  larger  spedmens  may  be  ob- 
tained by  carefully  screening  mud  from  bottoms  and  shores  and 
from  about  the  roots  of  coarse  plants  through  fine-meshed  nets  or 
sieves.  Others  may  be  obtained  by  carefully  pulling  to  pieces 
decaying  rushes  and  masses  of  atgae.  Smaller  specimens  often 
may  be  obtained  from  the  sides  of  aquaria  in  which  mud  and  vege- 
table material  have  been  allowed  to  stand  for  a  few  days.  During 
the  fermentation  of  such  masses  large  numbers  of  small  worms 
appear  in  the  surface  layers  and  about  the  margins. 

The  most  successful  methods  of  preservation  vary  with  different 
species,  and  must  be  gained  by  experiment,  but  some  general  hints 
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may  be  given  here.  Spedmens  intended  for  sectioning  must  be 
kept  in  water  and  material  wtiich  is  free  from  grit  mitil  the  £ilimen- 
tary  tract  is  cleansed  from  mud  and  sand.  The  methods  necessary 
for  securing  straight  and  well-extended  specimens  for  fixation  vary 
greatly  with  the  species.  Dilute  solutions  of  the  fixing  agent 
when  of  the  ri^t  strength  will  often  cause  the  worms  to  die  in  a 
property  extended  condition,  and  this  is  especially  true  of  some  of 
the  Tubifiddae  when  corrosive  sublimate  is  used.  Commonly  some 
means  of  narcotization  is  required  to  secure  the  relaxation  neces- 
sary for  the  preparation  of  well-extended  spedmens.  Good  re- 
sults are  often  obtained  by  the  gradual  addition  of  a  solution  of 
chloretone  until  the  worms  no  longer  respond  to  stimuli  and  fail 
to. contract  excessively  when  placed  in  the  fixing  fluid.  Another 
common  expedient  used  with  success  for  some  spedes  is  to  immerse 
the  worms  in  water  within  a  closed  vessel  and  there  subject  them 
to  the  action  of  the  vapor  of  chloroform,  which  is  put  into  the  same 
dosed  vessd  but  in  a  separate  container.  Only  the  vapor  should 
be  allowed  to  reach  the  water  that  contains  the  worms. 

When  properly  narcotized  the  specimens  may  be  immersed  in 
the  fixing  agent  and  kept  straight  by  holding  them  against  any 
convenient  straight  edge  until  they  have  become  suffidently  rigid. 
A  rectangular  glass  candy-tray  is  a  convenient  vessel  for  fixation 
purposes  since  the  angles  fonned  by  the  sides  and  the  bottom 
furnish  good  opportunities  for  keeping  the  worms  straight.  It  is 
often  advantageous  to  use  a  small  amount  of  fixing  fluid  at  first 
and  to  keep  the  worms  only  partially  submerged  until  they  have 
become  stiffened  and  then  completely  immerse  them.  Small  ^>eci- 
mens  like  tubifidds  and  enchytradds  may  be  convenienUy  fixed  on 
a  glass  plate  with  the  aid  of  square-edged  toothpicks  which  have 
been  soaked  in  the  fixing  agent.  A  toothpick  with  the  adhering 
fluid  is  placed  on  the  glass,  an  anesthetized  worm  stretched  aloi^ 
one  edge  of  the  toothpick,  another  toothpick  placed  against  the 
other  side  of  the  worm  and  a  second  worm  stretched  along  the  free 
edge  of  the  second  toothpick.  A  repetition  of  this  process  will 
enable  one  to  prepare  a  considerable  number  of  spedmens  in  a 
brief  time.  Subsequent  treatment  is  like  that  for  other  material 
of  similar  nature. 
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KEY  TO  NORTH  AMERICAN  FRESH-WATER  OLIGOCHAETA 
I  (45)        Well-developed  setae  present  on  most  somites 3 

3  (34)  Reproduction  chiefly  asexual,  by  budding;  sexual  reproduction 
leas  frequent.  Clitellum,  when  present,  on  some  somites  of 
V-VIII.     Length  less  than  as  ""n-  ">  tiiost  spedes,       .    3 

3  {4)  Setae  of  ventral  bundles  as  well  as  dorsal  setae  capillifomi;  septa 

imperfectly  developed;  prostomium  broad  and  ciliated  ven- 
trajly;  integument  of  most  spedes  contains  conspicuous 
colored  bod^  of  some  shade  of  red,  green,  or  yellow.  Usu- 
ally 1-3  mm.  long Family  Aeolosouatidae. 

Atotoionia  Ehreabcrg  is  the  only  N(»h  American 
geausuidtheipeciesof  llw  U.  S.  bave  not  been 
mudi  studied.  A  ■  lemtrarum  Vejdovslcy  has  pale 
ydlow  Of  gieeaish  integumcDlal  bodies.  One  or 
tvD  spedes  with  colorl^  bodies  are  known.  A. 
kcmtridH  Ehienbeci  has  salmon-oolored  bodiea. 
This  last  named  species  Ihrivei  exceptionally  well 
in  hay  infusions  and  in  similar  cultures  From  wheat 
and  thus  luse  numbers  ate  readily  obtained  for 
aperunentaTpuiposes. 

Fio.  »8i.   AutBUKm  lumtfitU.     X  *>.    (After 
LinkeiuiO 

4  (3)  Ventral  setae  all  tmdnate  (Fig.  991);  septa  well  developed;  no 

brightly  colored  integumental  bodies. 

Family  Naididae  .    .     5 

5  (8)         No  dorsal  setae 6 

6  (7)         Ventral  bundles  of  setae  on  lU-V  as  on  other  somites. 

Sckmardadla  Michaelsen  1900. 
The  South  Ameriain  spedes  S.  jU^«rmu  (Sdimarda)  has  recently  been  reported  from  Lake 

St.  Claii  (Moore,  1906). 

7  (6)         No  setae  on  III-V.    Somite  III  much  elongated. 

Chaelogasler  IL.  von  Baer  1837. 


Several  qiedea  are  known 
from  North  America,  of  wbidi 
C  limnari  K.  von  Baei,  which 
lives  in  nuUusks,  and  the  large 
transparent  C.  diapk»iiin 
(Gruithuisen),  lo-i^  mm.  long, 


8  (5)  Setae  in  both  dorsal  and  ventral  bundles 9 

9  (13)        No  capilliform  setae  in  dorsal  btmdles. jo 
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10(11)       Setse  of  dorsal  bundles  all  imdnate.  .  Paranais  den^vsky  18S0. 
P.  lUtraUi  (MikDer)  reported  u  abunduit  od  the  New  EnsUad  cout  md  mty  occur  la  tdjft- 
DOit  btak  mtta.    The  fint  donal  tetae  wc  od  V. 

II  (10)        Dorsal  setae  nearly  straight,  slightly  toothed  or  simple-pointed. 

Ophidonais  Gervais  1838. 

0.  strpetiUm  (MUUer)  ouy  be  easily  recognized  by  the 

Biull  ircegulariy  distributed  donal  setae;  by  tbe  four  large 

tnnaverH  i^^meoted  areas  on  the  aoterior  region,  u)d 

by  the  relatively  laiye  dze.     Length  aS-30  nun. 

^!^~Wfi•'*'i  ,■ — ^  F10.9SJ.    Anloigraiilof  OMU»aiistrfM(iM.    X  40.    <Alt« 

I  a  (9)  CapiUifonn  setae  piesent  in  dorsal  bundles 13 

13  (ai)        First  anterior  dorsal  setae  on  V  or  VI 14 

14  (18)        Posterior  end  not  modified  into  a  giU-bearing  respiratory  organ; 

first  anterior  dorsal  setae  on  VI 15 

'5  (i6i  17)  One  or  more  capilliform  setae  of  VI  much  longer  than  those  of 
other  somites  and  equal  to  three  or  four  times  the  diameter 

of  the  body Siavina  Vejdovsky  1883, 

S.apptaiUiilaUt  (d'Udekem),  cominon  in  some  parts  o(  the  United  Sutei,  baa  body  surfaca 

rtndded  with  souory  paixUae  aad  with  foreign  liodiea. 

i<^  (iSri?)  Prostomium  elongated  to  form  a  proboscis;  dorsal  setaeof  VI  ^milar 
in  length  to  those  of  other  somites.    Slylaria  Lamarck  1816. 

S.  lactulris  (IJnnaeua)  has  proboadi  flanked  by  promi- 
nent lateral  prostomial  lobes  (Figs.  gSo  and  984).  S.fei' 
ttdarit  Leidy  lacks  the  lateral  prostomial  lobes  (Fig.  9S4). 
The  lonner  is  abundant  and  widely  distributed  in  the 
United  States  while  the  latter  la  reported  only  veiy  Ihfre- 
queotly. 

Fid.  984.    Pratomluni  ud  ptoboadt.  Aytorte.    A.S.haaIri); 


17  (15, 16)  Without  proboscis;  dorsal  setae  of  VI  similar  in  length  to  those  of 

other  somites Nois  MtlUer  1774, 

Several  species  without  consixcuous  diSereaces  are  reported  from  the  United  Statei.    JV. 
tUmtui'  MBller  is  one  of  the  best-known  q>cciei  and  JV.  coMmmtU  Piguet  is  very  conlinoD. 


19  (30)        Ventral  margin  of  the  brancbid  area  with  a  pair  of  long  processes. 
AuIopkoTus  Schmarda  1S61. 
A .  furcalm  (Oken)  has  the  first  donal  setae  on  V  and 
has  two  pain  of  well-develc^Kd  gills. 

A.  tatitt  Leidy  crawls  or  floats  about  in  a  tube  made 
from  bryozoaa  atatoblaats  and  bits  of  vq;etattoa.  It  haa 
the  first  dorsal  setae  on  VI  and  has  only  slightly  devd- 
oped  gills. 


at  end  dt  AiOotlami  furcalm. 
Bouiefidd.) 
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Ventral  margin  of  the  branchial  area  without  long  procesws. 

Dero  Oken  1815. 

D.  iJRuia  Lddy  is  abunduit  and  [be  best  known  ol  the  North 
Ameriixa  apedes.  D.  eiitaa  d'Udekem  and  >  »pccie«  which  piob- 
■bly  is  D,  perritri  Bousefield  are  of  frequent  occunence,  but  a  careful 
study  of  the  North  American  represenUtives  of  this  genul,  u  vdl 
■a  of  Nait,  is  nccesury  before  we  can  l>e  sure  of  their  eiact  relation 
to  European  spedes. 

Fio.  9S6.    VctUikK  tad  bI  Dm  limtu.    XtS-   (After  Bousefidd) 

First  anterior  dorsal  setae  on  11 ai 

DoTsalsetaeof  two  kinds:  capilliform  and  shorter  needle-fotm  setae 
which  commonly  have  cleft  distal  ends. 

Naiditm  0.  Schmidt  1847. 
N.  uharni  Walton  bu  been  described  from  Lake  Erie  (Walton,  1906).   TUi  genus  i*  united 
'    with  Frutina  by  some  writers. 

13  (33)        Dorsal  setae  all  capilliform,  mostly  with  very  fine  teeth  on  convex 
side;  prostomium  commonly  elongated  into  a  probosds. 

Prisfina  Ehrenberg  1831. 

P.jMfiulavar.Mdyi  Frank  Smith  has  the  capillifona  setae  of  III  greatly 
lengthened  I-700  mm.)  and  without  semtions.  The  typical  form  of  this 
tpeaea  ai  fouiMl  in  Europe  has  extremely  minute  incon^cuous  lerratiaaE 
on  the  capilUform  xtK  of  dorsal  bundles  of  somites  other  than  III.    In  the 


F10.98T.    PriiHmahiitiuU-m.Md-rl.    >. >.. nntrtl leU:  X 3<».    J.i.,Iiulaf kI 

from  done]  bundle.     X  450.    (After  Smitb.) 

P.  Jtofdliim  Lddy  has  a  very  charactetlMic  posterior  end.    Spedmens  i 
this  qiedes  have  been  met  with  by  the  writer  but  once  and  when  there  ws 
no  oppoitunily  for  study  beyond  enoiuh  to  convince  him  o(  the  general  at 
racy  of  Lady's  description  and  that  the  species  really  bdongs  to  PrisHma 


II    U  Fio.  988.   PoeletioreiulolfniO'MjfitdOHi.    X16.   (After  Leidy.) 

34  (3)         Reproduction  sexual,  never  by  budding;  ditellimi  ordinarily  poste- 
rior to  vin 35 

'S  {34i  35)  Ordinarily  more  than  two  well-developed  setae  in  each  of  some  or 
all  of  the  bimdles;  ventral  setae  ordinarily  cleft  (eic.  Tdma- 
todrUus:  see  below);  ditellum  ordinarily  on  X  or  XI  and 
one  or  more  adjacent  somites;  $  pores  ordinarily  on  XI,  ex- 
ceptionally on  XU;  spennathecal  pores  on  somite  anterior 
to  one  bearing  S  pores  (in  North  American  apedes) ;  length 
coRtmonlymore  than  as  mm.;  blood  vessels  usually  with  con- 
spicuous red  contents.  .  .  .  Family  TimmciDAE  .  .  36 
Accmate  identlGcatlon  of  niedes  in  this  family  usually  require*  the  aid  of  careful  dissec- 

tkoa  or  of  serial  sections,  and  depends  largdy  on  a  catef  ul  study  of  the  reproductive  organt. 

(Fig.  990.) 


.dbyCoOgIc 


AQUATIC  EARTHWORMS  641 

lucts  without  de&oite  prostate  glands  and  opening  into  a 
common  median  chamber  with  single  ventral  median  open- 
ing on  XI)  spermatbecal  pores  on  X;  setae  of  dorsal  bundles 

all  deft Rhisodriius  Frank  Smith  1900, 

One  spcdes  thus  far  kDoira  in  North  America,  R.  lacteui  Frank  Smith, 
found  in  rooti  of  SaiUlma  in  Uliaoia.    Hu  tmi  kindi  of  genit«l  letae 
oaDCudXI;  length  75-100  mm.;  whitiih  id  appearance  (Smith,  1900). 
Mkhaelaen  includes  this  sfieda  in  Mmepyltpluita  Leviosen. 
Fn.  <)89.    FMiairiin  locHu.    a.  onliuiy  andutc  Kta;,  1  >nd  c,  gnjtal  Mlai 


Sperm-ducts  with  definite  prostate  glands 3S 

Ten  or  more  small  definite  prostates  on  each  sperm-duct;  no  captl- 
lifonn  setae;  setae  indistinctly  cleft  and  sometimes  simple- 
pointed Tdmatodrilus  Eisen  1879. 

iea,  r.  t^dmiltyifiiita  and  T.  mcpH^  Eisen,  are  found  to  CBliforoiL 

Sperm-ducts  each  with  one  definite  prostate  gland  (Fig.  990).  .   30 


Dorsal  setae  all  uncinate  and  similar  to  ventral  setae;  penis  with 
chitinous  sheath LimnodrUtts  ClapaiMe  i86a. 

Several  spcde*  liave  been  described  Itwn 
California  (Sisen,  iSSs). 

£ .  f  rricilii  Moore  has  lecoitly  been  dewribed 
from  Lalie  Erie  (Moore,  1006).  In  L.  dapare- 
Jmhiu  Ratzel,  an  abunilant  spedes  of  wide 
distribution,  ihe  length  of  the  chitinous  penis 
aheath  is  B-30  times  its  diameter. 
Fn,  MO.    Repnxluctive  orguu   of    Ltmnsitiliu 

Cifji,  I,  tpcnnuy;  If ,  venutbec*; /,  ipcrail- 
•1  funnels  t.  >.  ipenn-ducl:  •.proUilegluidi 
r,  atrium;  oj,  peoii  ud  penlt  tfaatfa;  n,  ovary. 
Xio.    (Afla  Moore.) 


Dorsal  bundles  ordinarily  contain  atpiUiform  setae  and  also  pecti- 
nate or  palmate  setae.    (Fig.  99r.) 33 


tu  Irom  Tiii^  KuJU'lMsnu;  I 

Jsiw.-  (  and  /,  pecdDite  Ktu 
(Oiigiiul.) 


3a  (33)       Length  of  atrium  and  penis  combined,  at  least  two-thirds  that  of 
the  remainder  of  the  sperm-duct.    .     Ilyodriius  Eisen  1879. 
Three  spcctea  described  from  California  (Eisen,  1885). 
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Atrium  and  peois  combined,  much  shorter  than  the  reminder  of 
the  sperm-duct Tubifex  Lamarck  1816. 

Seven!  ipecies  have  been  described  from  North  America. 
T.  tiMftx  (MilUerj  ii  ■  widely  distributed  ipedei  ukI 
abumUnt  both  in  Europe  and  the  United  States.  An- 
other spedes,  T.  mkUjimdiiu  (Frank  Smith)  Irom  lUinoil 
has  lane  integumenlal  papillu  and  cons[acuous  dustcn 
of  capiibfonn  setae  (Smith,  igoo).  (Fibi.  991  and  991.) 
ol  Tubila  unUilMMiu.     X  1).    (OtifiJIialJ 

34  (>5'  35)  Ordinarily  with  more  than  two  setae  in  each  of  some  or  all  the 

bundles;  setae  simple-pointed  and  usually  nearly  straight; 
cUtellum  on  XII  and  on  more  or  less  of  adjacent  somites; 
j  pores  ordinarily  on  XII;  spermathecal  pores  on  IV/V. 
^dinarily  whitish  in  appearance  and  seldom  more  than 
35  mm.  in  length.    Both  terrestrial  and  aquatic  species 

aboimd Family  Enchytsaeidae  .    .     35 

Tbere  are  numerous  ipsdes  of  (his  family  represented  In  the  fgresh  waten  of  North  America, 
which  have  onb'  recently  received  attention  from  the  systematiits  ol  the  group.  Eisen 
(igos)  has  described  several  fresh-water  species  from  the  PadGc  Cout  states  bdongiiig 
to  llt$eackylrMiu  Eisen,  Enckylratia  Henle  and  LiimbricillHS  Oersted.  Smith  and  Welch 
(igu)  have  described  Uarimdna  /orbeiiu  from  Illioois  and  Welch  (1914)  has  described 
LKHuridllus  niMliu  from  Illinois. 

35  (^S.  34)  Ordinarily  with  not  more  than  two  well-developed  setae  per  bimdle, 

or  eight  more  or  less  separated  setae  per  somite.  ...     36 

36  (37, 4a)  Setae  simple-pointed;  S  pores,  3  pairs  on  XI  and  XII  or  both 

pairs  OD  XII;  spermaries  in  X  and  XI. 

Family  Haplotaxidae. 


subtcmnean  hi 

37  (3*^1 43)  Setae  either  simple-pointed  or  cleft;  ^  pores  on  one  or  mgre  somites 

anterior  to  XII,  with  spermiducal  funneb  in  same  somites; 
cecal  diverticula  of  the  dorsal  vessel  or  its  branches,  in  the 
mid-body  region Family  Luhbriculidae  .    .     38 

38  {39)        Setae  cleft  at  distal  extremities;  prostomium  without  distinct  pro- 

boscis; spermathecae  and  spermathecal  pores  paired  or 
asymmetrical  in  three  or  more  somites  posterior  to  somite 

baring  J  pores Lumbriculus  Grube  1844. 

L.  iiKmuMiw  (Frank  Smith),  common  in  the  Mississippi  Valley,  has  X  pores  on  X  or  XI  and 
spermathecae  in  XI-XV  or  Xtl-XVI  (Smith,  igoj). 

39  (38)        Setae  simple-pointed;  ^lermathecal  pores  on  but  one  somite  ante- 

rior to  S  pores.     40 

40  (41)        Large  median  spermathecal  sac  with  numerous  tubular  diverticula 

in  VIII;  with  single  median  external  opening. 

Sutroa  Eisen  t8S8. 
Two  qiecies,  5.  raarala  Eisen  and  5,  ^pttirU  Eisen,  etch  with  distinct  probosd^  an 
found  wetf  of  tbe  Rocky  Mauntalat. 
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Spermathecae  without  diverticula,  paired  or  two  unpaired  ones 
opening  separately;  long,  highly  muscular,  ejaculatory 
chamlxT  (onns  part  of  each  otherwise  highly  differentiated 
spenn-duct Eclipldnlut  Eisen  1881. 

»  of  pecuUu  North  American  LumbriculkUe  which  indude*  E.  Jrifidia  Eiten 
'  — "   — ■■■■  — »— ■   *  pores  on  X;   £.  arymmttrkta  (Frtdk  Smith)  from  lUimii, 
.;  uid  E.  p^ailrit  (Fnnk  Smith)  from  Florida,  with  [wired  $ 


43  (36, 37)  Ewrthwoims,  essentially  aquatic  hi  habit.  Setae  simple-pointed 
and  paired  in  each  of  foui  bundles  pei  somite;  S  pores  ex- 
ceptionally on  XII  or  Xni,  commonly  further  posterior; 
spermaries  in  X  and  XI;  ovaries  in  XIII 43 

43  (44)        Clitellum  beginning  on  XIV  to  XVI  and  extending  over  la-u 

somites;  S  poies  on  XVUI/XIX  or  on  XIX,  recognizable 
only  in  sections;  few  or  no  dorsal  pores;  without  well- 
developed  gizzard Sparganopkilus  Benbam  1S91. 

Seven!  North  American  tpeda,  of  wbidi  5.  (wctm  Frank  Smith  i»  found  in  the  Mininppi 
Valley,  Great  Lalie*  te^on,  and  Flralda:  5.  imiM  Eisen  and  nilMucdes  occur  In  CaHfomta; 
S.  temJitmi  Eiaen  and  aubspedea  in  Meiicoand  Central  America  (uien,  1S06). 

44  (43)        Gitellum  beginning  on  XVIII-XXUI  and  extending  over  4-6 

somites;  S  pores  on  XII,  XIII,  or  XV,  conspicuous;  gizzard 
limited  to  XVII;  firat  dorsal  pores  on  IV/V. 

Helodrilus  Subgenus  EisenieUa  Michaelsen  1900. 


<: 


^i 


x: 


B  ud  the  lubcrtulii  puMiIaL 

A  ipecimen  which  is  ^maumably  the  type  □(  Behdrilut  Mratdnu  forma  P"^  (Efsen) 
■tu  depMited  in  (be  United  States  National  MuBcum  and  has  tieea  studied  t^  the  writer. 
It  is  almost  ceitainiy  a  tegeneraled  individual  ud  »  highly  aboonnal  and  hence  the  form 

luniably  has  do  systematic  status  1 " "' ' "    "    ""■ 

>f  the  above  key  and  in  Fig.  993,  ) 


Bc«ide  these  essentiaily  aquatic  (otou,  several  siiedea 
in  bottomlands  and  low-lying  banki  of  streams  which  ai 
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Without  setae;  phaiynx  with  two  chitinous  jaws,  doraal  and  ven- 
tral.   Small  leech-like  worms,  parasitic  or  symbiotic,  on 

crayfishes Family  Discoduudae  ,   .     46 

Tbe  family  name  Bnnduobdellidae  U  prdeiTed  by  mom  writen. 

46  (49)      '  Two  pairs  of  spermaries  and  two  paits  of  spenn-ducts  in  the  fifth 

and  sixth  post-cephalic  somites 47 

47  (48)        Without  conspicuous  dorsal  appendages  on  post-cq)haIic  somites. 

Bddlodrilui  Moore  1S95. 


„  ___  anterior  put  of  I 

open  to  tlie  exterior  through  a  common  mUMUile  veslde  on 
the  mid-doraat  line  of  the  third  poBt-ce^oalic  somite  and  in 
having  the  doiwl  and  ventnd  jaws  quite  diaa'miUr.  The 
lomer  has  the  head  much  broader  than  the  anlerioi  body 
Bomite  aod  enjoyi  a  vide  distribution  in  the  eastern  half  <j 
(he  United  States.  The  lattcf  baa  nine  pain  of  co 
later*]  gUnda.  the  head  oairower  than  the  following  somite  and  is  less  conimon. 


in  having  the  dorsal  and  ventral  jaws  jii 


Fio.  99J.    BddJtdrUmi  initatUij.  bearing  three  teeth.    The  latter  has  biumuiation  coo- 

Xg.    (AfteiMan.)  4>icuous  on  only  anterior  four  post-cephalic  soniites;  all- 

,  ,    ,  ,  mentary  canal  with  ttansvene  loop  m  seventh  somite; 

and  dait-brown  |aw^  each  besriog  four  teeth.    They  have  been  described  from  North  Carolhu 

and  Pennsylvania  (Moore  i8qj). 

Under  the  name  Cambarinaila  macrodonla.  Ellis  (loia)  has  described  a  spcdes  from  Colorado 

h  IS  closely  alhed  to  B.  pUiadtlp/iiaa  but  which  has  the  head  narrower  than  the  greatest 

^        ^  ""  ■  ™jus  glands  ol  fl. 


With  conspicuous  dorsal  1 . .        _ 

c  somites Plerodrilus  Moore  1894. 


on  each  of  several  post- 


dorsat  appendages  are 


P  dislklms  Moore,  with  dmple  cylindrical  doraal  apptod- 
ages  on  each  of  post-cej^ujic  sonUles  II  to  VIII,  and  P. 
aldconnis  Moore,  with  dorsal  appendages  of  complex  fonn 
on  post-cephalic  somites  III  and  VIII  and  ample  ones  on 
IV  and  V,  have  been  described  from  oayGihes  of  eattetn 
United  States  (Moore  iSg^). 

Under  the  nunc  CtralodHiia  Ihyiananmui,  Hall  (1914) 
has  described  a  qiedes  from  Utah  wUcb  resembles  the 
above  described  species  of  PUrodrUui  closely,  but  baa  the 
antero-dorsal  border  of  the  head  furnished  with  a  membran- 
ous border  deeply  incised  to  form  four  tentacular  append- 
iraniverse  bands  with  edges  t>earing  six  to  eight  points. 


49  (4*^)        But  one  pair  of  spermaries  and  one  pair  of  sperm-ducts  and  these 
in  the  fifth  post-cephalic  somite. 

Branchiobddla  Odier  1833. 


into  dorsal  and  ventral  lobes  and  the  jaws  similai.    It  is  found  in  California  (Herantoni  191*). 
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CHAPTER  XX 
THE    LEECHES   (HIRUDINEA) 

By  J.  PERCY  MOORE 

Pri/ttitr  tf  Zttlety  in  Ot  VotMrnly  4/  Paasyhaili* 

The  Hirudinea  or  leeches  are  predatory  or  parasitic  annelids 
with  terminal  suckers  serving  for  attachment  and  locomotion. 
Quite  nearly  related  to  the  Oligochaeta  and  closely  resembled  by 
the  semi-parasitic  Discodrilidae  in  the  possession  of  suckers,  jaws, 
and  median  genital  orifices  and  in  the  absence  of  setae,  they  are 
characteristically  modified  for  procuring  and  digesting  their  pecul- 
iar food,  consisting  typically  of  blood  and  other  animal  juices. 

The  body  of  a  leech  is  generally  constituted  of  thirty-four  meta- 
meres  (designated  I  to  XXXIV),  each  represented  In  the  central 
nervous  system'by  a  ganglion  usually  consisting  of  six  capsules  or 
groups  of  nerve  cells.  Externally  superficial  furrows  divide  each 
fully  developed  somite  into  from  two  to  sixteen  rings  or  annuU. 
One  of  these,  lying  at  the  middle  of  the  somite,  contains  the  ganglion 
and  usually  bears  three  or  four  dorsal  pairs  and  three  ventral  pairs 
of  eye-hke  sense  organs  or  sensillae  and  is  termed  the  neural  or 
sensory  ring.  Segments  having  the  full  number  of  annuli  charac- 
teristic of  the  genus  are  termed  complete,  and  are  always  found  in 
the  middle  region.  Incomplete  or  abbreviated  segments  ocair  at 
the  ends  of  the  body  and  may  have  any  number  of  annuli  less 
than  the  complete  somites  into  which,  they  grade.  Recognizing 
the  triannulate  somite  as  basic  for  most  leeches  and  considering 
that  more  complex  somites  may  be  derived  by  repeated  binary 
division  of  its  annuli  the  following  symbols  are  employed  for  the 
precise  designation  of  particular  rings.  Coimting  from  the  head 
end  the  rings  of  the  triannulate  somite  are  A^,  A',  and  A',  where 
A'  is  the  neural  or  sensory  annulus.  These,  bisected,  give  col- 
lectively the  secondary  annuU  B*  to  B*.  Repeated  subdivisions 
give  tertiary  annuli  C  to  C^  and  quaternary  annuli  Z?'  to  Z?*'. 
But  the  full  theoretical  number  of  the  fourth  order  is  never 
646 
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developed  and  the  aeural  annulus  is  usually  less  divided  than  the 
others. 

Setae  are  always  absent,  except  in  Acanthobdella,  and  suckers 
always  present,  except  in  a  few  exotic,  chiefly  burrowing,  genera. 
The  oral  sucker  surrounds  the  mouth,  sometimes  forming  mere 
lips  and  being  widely  expanded  only  in  Ichthyobdellidae  and  a  few 
Glos^phonidae.  The  caudal  or  subanal  sucker  is  lai^er,  discoid  or, 
more  rarely,  deeply  cupped,  and  widely  expanded  beyond  its  con- 
stricted central  pedicle.  There  is  a  powerful  and  elaborate  muscu- 
lar system,  consisting  of  circular,  oblique,  and  thick,  longitudinal 
coats,  as  well  as  vertical  and  radial  sheets  and  fibers. 

The  digestive  tract  is  divided  into  buccal  chamber,  pharynx, 
esophagus,  stomach  or  crop,  intestine  and  rectum.  In  the  jawed 
leeches  the  mouth  is  large;  in  the  proboscis  leeches  a  mere  pore  in 
the  disk  of  the  sucker.  In  the  former  the  buccal  chamber  usually 
contains  three  compressed  muscular  jaws  bearing  serial  teeth  on 
the  ridge.  The  pharynx  is  a  muscular  bulb,  a  straight  tube,  or  a 
slender,  exertile  proboscis  moving  within  a  sheath.  Salivary  glands 
may  open  into  the  short  esophagus  or  on  the  jaws.  The  large 
stomach  or  crop  varies  with  the  nature  of  the  food  and  may  be  a 
straight  tube,  or  complicated  by  from  one  to  twenty  pairs  of  simple 
or  branched  lateral  ceca,  of  which  the  posterior  pair  is  largest  and 
most  constant.  Generally  short  and  simple,  the  intestine  may 
bear  four  pairs  of  simple  ccca  (Glossiphonidae) .  A  short,  narrow 
rectum  opens  by  a  small  dorsal  anus  usually  behind  XXVI  or 
XXVII,  but  rarely  behind  XXIU.  , 

Leeches  are  hermaphroditic.  The  genital  oriflces  are  median,  with 
the  male  pore  preceding  the  female.  The  testes  (really  coelomic 
sacs  enclosing  the  testes)  vary  from  one  elongated  pair  in  Acan- 
thobdeUa  to  usually  six  (five  to  nine)  pairs  in  the  Rhynchobdellae, 
nine  or  ten  (five  to  nineteen)  pairs  in  the  Hirudinidae,  and  very 
numerous  small  ones  in  the  Herpobdellidae.  A  vas  deferens  on 
each  side  continues  into  an  epididymis  and  an  ejaculatory  duct 
which  may  be  provided  with  a  sperm  sac  and  a  glandular  region 
for  forming  the  homy  spermatophores.  The  two  ejaculatory  ducts 
open  into  an  unpaired  genital  bursa  or  a  more  complex  atrium 
which  may  be  elongated  into  a  highly  muscular  sheath  enclosing  a 
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penis  and  provided  with  a  prostate  gland.  The  ovaries,  also 
coeiomic  sacs,  are  a  single  pair,  usiially  elongated  and  folded  and 
opening  directly  into  a  small  median  bursa.  In  the  Hinidinidae 
they  have  special  ducts  provided  with  an  unpaired  albumen 
gland  and  a  muscular  vagina.  Accessory  copulatory  glands  may 
occur. 

A  most  striking  characteristic  of  leeches  is  the  great  reduction  of 
the  body  cavity  which,  besides  the  ovarian  and  testicular  coelom,  is 
represented  only  by  a  system  of  sinuses,  the  extent  and  arrange- 
ment of  which  vary  in  the  several  families.  In  addition  there  is  a 
true  blood  vascular  system  consisting  of  dorsal  and  ventral  longi- 
tudinal trunks  and  a  peri-intestinal  sinus  united  by  transverse 
loops  and  in  the  caudal  sucker  by  a  circle  of  radiating  loops.  Ex- 
cept in  some  IchthyobdeUidae,  which  have  lateral  gills  or  pulsating 
vesicles,  leeches  respire  solely  by  virtue  of  the  capillary  network 
underlying  or  even  penetrating  the  hypodermis. 

The  aephridia  in  general  resemble  those  of  the  Oligochaeta,  but 
the  funnels  espedaJly  are  more  complex  and  variable,  being  some- 
times branched  and  sometimes  having  the  opening  occluded.  Not 
more  than  seventeen  pairs  usually  occur,  they  being  absent  from 
both  ends  of  the  body  and  often  from  one  or  more  cUtellar  segments. 

Figment  occurs  in  the  form  of  excreted  matter  contained  in 
wandering  cells  and  reserve  cells  and  is  usually  deposited  along 
the  line  of  muscle  bimdles  in  either  metameric  or  non^metameric 
spots  or  bands.  The  eyes  are  highly  developed  sensillae,  several 
of  which  are  sometimes  united  in  a  common  pigment  mass.  They 
occur  rarely  on  the  caudal  sucker  as  well  as  on  the  head. 

Leeches  are  among  the  most  interesting  and  beautiful  of  the 
invertebrate  inhabitants  of  our  fresh  waters.  They  abound  in 
ditches,  pools,  ponds  and  lakes,  few  spedes  occurring  in  swift,  cold 
streams.  In  the  small  lakes  of  our  northern  borders  they  fairly 
swann. 

They  are  predatory  hunters  or  scavengers,  temporary  or  nearly 
permanent  parasites,  or  they  may  change  from  one  mode  of  life 
to  another.  The  few  fresh-water  IchthyobdeUidae  attach  them- 
selves chiefly  to  the  hns  and  gills  of  £shes.  Several  Gtossiphonidae 
have  similar  habits  and  one  remarkable  spedes  is  a  nearly  permanent 
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parasite  on  the  sheepshead  of  the  lakes  of  Minnesota,  its  sucker 
becoming  fi^ed  into  deep  pits  in  the  inflamed  tissues  of  the  isthmus. 
Many  of  this  family  are  temporary  parasites  on  turtles,  fixigs, 
salamanders,  etc.,  but  also  Uve  free  and  subsist  upon  aquatic 
worms,  mollusks,  etc.  Because  of  the  nature  of  their  food  the 
smaller  species  are  known  as  snail  leeches.  The  Herpobdellidae  are 
voracious  destroyers  of  aquatic  worms,  larvae,  insects,  and  even  of 
their  own  kind.  Many  of  the  Hirudinidae  have  similar  habits  but 
also  burrow  into  mud.  Some  even  habitually  leave  the  water  in 
quest  of  earthworms  and  one,  Baemopis  lahralis  terrestris,  inhabits 
garden  soil  several  miles  from  water. 

While  most  species  mil  partake  of  vertebrate  blood,  especially 
just  before  the  breeding  season,  MacrobdtUa  is  our  only  native  true 
sanguivorous  jawed  leech.  While  young  it  feeds  upon  larvae  and 
worms  and  attacks  vertebrates  only  when  mature,  and  even  then 
varies  the  blood  diet  with  an  occasional  meal  of  frogs'  eggs.  This 
and  other  jawed  leeches  painlessly  make  a  trifid  incision  in  the 
skin  and  quickly  extract  more  than  their  own  weight  of  blood,  the 
flow  of  which  is  facilitated  by  a  ferment  which  prevents  coagula- 
tion. As  the  blood  fills  the  gastric  ceca  its  fluid  constituents  are 
drawn  off  through  the  walls  and  exude  in  droplets  from  the  neph- 
ropores.  The  solid  parts  remain  and,  protected  from  decay  by  a 
preservative  secretion,  may  not  be  completely  digested  for  upwards 
of  a  year. 

The  short,  flat  triannulate  Glossiphonidae  are  poor  swimmers 
but  sometimes  active  creepers.  When  disturbed  they  roll  into  a 
ball,  pill-bug-like,  and  fall  to  the  bottom,  soon  to  creep  hastily  to 
shelter.  Species  with  longer,  more  complex  segments  are  better 
swimmers  and  the  elongated  and  muscular  Herpobdellidae  and 
Hirudinidae  swim  powerfully,  moving  rapidly  with  graceful  undu- 
lations in  either  the  vertical  or  horizontal  plane.  Their  resting 
attitudes  are  varied  and  characteristic.  Probably  in  order  to  facili- 
tate respiration  many  species  attach  one  or  both  suckers  and  wave 
the  body  with  an  undulatory  motion.  Most  leeches  are  nocturnal 
and  except  when  stimulated  by  hunger  and  the  proximity  of  food 
they  avoid  the  Ught  by  hiding  beneath  stones,  among  plants  or  m 
the  mud. 
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Reproduction  takes  place  in  the  spring  and  summer,  some  species 
continuing  to  produce  batches  of  eggs  for  five  or  six  months.  In 
the  Rhynchobdellae  and  Herpobdeliidae  copulation  consists  in  the 
implanting  by  one  individual  of  a  homy,  usiially  two-chambered 
^Krmatophore  on  the  skin  of  another.  From  this  the  spermatozoa 
issue  in  a  stream  and,  by  a  process  that  Professor  Whitman  has 
aptly  termed  hypodermic  injection,  penetrate  the  tissues  to  the 
ovarian  sac  where  impregnation  occurs.  Among  the  Hirudinidae 
a  more  definite  act  of  copulation  and  reciprocal  fertilization  takes 
place  during  which  the  filamentous  penis  of  one  individual 
deposits  a  spermatophore  within  the  vagina  or  at  the  genital 
orifice  of  the  other. 

The  Glossiphonidae  carry  their  eggs  in  several  membranous 
capsules  attached  to  the  venter,  maintaining  an  undulatory  move- 
ment for  their  aeration.  The  young  also  remain  for  a  time  fixed 
by  a  sort  of  byssus  thread  and  later  by  the  sucker,  and  are  said  to 
be  partly  nourished  by  an  albuminous  secretion  of  the  parent.  AU 
other  leeches  form  chitinoid  cocoons  or  egg  capsules  from  the  secre- 
tion of  the  deeper  glands  of  the  clitellum  which  hardens  on  exposure 
to  the  water.  The  Ichthyobdellidae  deposit  a  single  ovum  in  a 
small  stalked  capsule,  the  Herpobdeliidae  and  Hirudinidae  several 
in  an  albuminous  mass  within  a  larger  capsule,  which  in  the  case 
of  the  former  is  a  flat  pouch  attached  by  one  side  and  in  the 
latter  an  ellipsoidal  case  with  a  thick,  spongy,  vesicular  wall  buried 
in  wet  earth. 

Leeches  have  rather  dull  senses  which  arise  in  three  sets  of 
cutaneous  organs.  Numerous  goblet  cells  located  in  the  lips  are 
taste  organs  and  guide  the  leech  on  the  trail  of  its  prey.  Tactile 
organs  are  scattered  all  over  the  skin  but  are  especially  numerous 
on  the  lips.  Wave  movements  and  Ught  stimuli  appear  to  aSect 
all  parts  of  the  body.  The  eyes  are  strongly  sensitive  and  the 
sensillae  much  less  so  to  changes  in  the  intensity  of  light. 

I<eeches  may  readily  be  found  by  searching  in  the  situations  indi- 
cated above.  Sanguivorous  species  are  easily  collected  by  stirring 
the  mud  in  their  haimts  with  one's  bare  feet  and  removing  them 
from  the  ^in  as  they  become  attached,  or  by  attracting  them  with 
fresh  blood  placed  in  the  water.    They  may  be  kept  and  studied 
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indefinitely  in  aquaria.  For  examination  alive  under  a  microscope 
they  should  be  stupefied  and  relaxed  by  placing  a  little  carbon 
dioxide  (as  soda  water),  chlorotone,  or  cocaine  in  the  water. 

For  preservation  they  should  always  be  first  relaxed  with  similar 
reagents  and  extended  before  fixing.  Chromic  add  in  one-quarter 
to  one-half  per  cent  solutions,  picro-sulphuric  acid,  Gilson's  fluid, 
corrosive-sublimate-acetic  mixture  and  Fleming's  fluids  are  all 
good  fixatives,  but  great  care  should  be  taken  to  wash  out  the 
acids  in  order  to  prevent  swelling  of  the  connective  tissues.  Forma- 
lin is  a  good  preservative  for  general  purposes. 


KEY  TO  NORTH  AMERICAN  FRESH-WATER  LEECHES 

I  (36)  Mouth  a  small  pore  in  oral  sucker  from  which  a  muscular  pro* 
boscia  may  be  protruded;  no  jaws. 

Suborder  Rh^chobdeUae  .  .      3 

a  (33)  Body  not  divided  into  two  r^ons;  usually  much  depressed;  eyes 
near  median  line;  stomach  usually  with  well  developed  lateral 
ceca Family  Glossifhohidae  .   .      ^ 

3  (38)        Complete  somites  essentially  triaonulate 4 

4  (13)        Epididymis  and  ejaculatory  duct  forming  a  long,  open,  backward 

loop;  salivary  glands  diffuse;  eyes  simple;  size  small;  chiefly 
under  stones  and  on  plants  in  ponds  and  lakes. 

Clossipktmia  Ji:iuisloa  1816  .    .       5 

5  (ro)       Eyes  one  pair,  well  separated.    Genital  pores  separated  by  one 

annulus 6 


6  (7)         A  brown  chitinoid  plate  and  underl)dng  nuchal  gland  on  dorsum 

of  VIII Glomfhonia  stagnaHs  {LinaasuaiJT 58, 

7  (6)         No  Dudial  ^and  or  plate S 

8  (9)         Greatly  elongated,  slender  and  neariy  terete;  without  pq)illae; 

very  transparent;  coloriess;  gastric  ceca  one  pair. 

Glossipkimia  nepheloidta  (Graf)  1899. 
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9  (8)         Relatively  short,  broad  and  flat;  cutaneous  papillae  absent  or  in 

to  S  series,  small  or  large,  often  double;  deeply  pigmented 

I  narrow  longitudinal  lines,  or  difiusely  with  metatneric 

hite  spots  on  neural  annuli;  gastric  ceca  six  pairs,  simple. 

Glossiphonia  juxa  Castle  1900. 


litis  apedes  is  very  variable,  especially  in  the  duracter  of 

the  docsil  cutaneous  papillae  which  may  be  taiaiy  evident 
and  limitei]  to  a  median  aeries  on  a  few  aegmeota,  or  laise  and 
coosucuoua  and  aimi|ed  in  five  series  extendiiiK  lor  iLe  en- 
tire length,  or  in  any  intermediate  conditioo.  Those  o(  the 
median  series  are  formed  d  a  pair  of  papillae  more  or  less 
completely  coalesced.  Usually  they  arc  deeply  pigmented 
and  contrast  strongly  with  the  clear  white  spots  flanking 
them.  The  eyes  are  unusually  large  and  consfdcuous.  It 
lives  in  ponds  but  also  in  colder  waters  than  most  species  of 
the  genus,  even  in  springs,  and  attaches  itself  to  the  larger 
water  snails  and  more  rarely  to  leeches.  The  eggs,  luce 
thoae  of  GlosnphiiHia  comtlaiula,  are  laid  in  a  few  laige 
gdatinous  capsules  borne  on  the  venter  ol  the  parent  leech 
and  breeding  IS  coDtinued  to  midsummer.  GUinpkama /mat 
a  much  less  active  than  Gbinfimta  comflaiuta  and  feeds 
log  frequently  upon  worms  and  larvae,  praening  snails. 


Fio.  W7.    dBiiitkni" /•uia.    GaienJ  uatocity  ibowing  eaenul 

outGiK,  KexifiUatioii  and  a[muU.tJDn,  alknentuy  canal,  re- 
productivg  gixui,  elc  I-XXVn  —  »miteK  1-70,  aoDuli;  ff, 
pcobcscb;  tt  S  ,  iBile  orlficei  f  ? .  leoulc  orifice;  at,  ovuy; 
00,  oophiffui;  ujp,  itaiEvch  or  crop;  u,  totes;  fd  and  ia,  m- 
tatiat;  at.  anus;  dl.  cf,  ductus  ejutulat«tus.  X  10.  (UodlfiBl 
EiamCastJcJ 


10  (5)         Eyes  three  pairs tt 

11  (la)        Genital  pores  separated  by  one  annulus;  eyes  in  three  groups  of 

two,  in  a  triangular  figure;  body  transpaieot,  with  little 
pigment;  no  papillae;  gastric  ceca  six  pairs,  nearly  or  quite 
unbranched.  .  .  Glosnpbonia  heleroclita  {liameas)  ij $&. 
13  (11)  Genital  pores  separated  by  two  annuli;  eyes  in  two  nearly  paialld 
rows;  body  rather  thick  and  opaque,  usually  deefjy  pig- 
mented, a  pair  of  doraal  and  ventral  dark,  narrow  lines  run- 
ning for  nearly  entire  length;  gastric  ceca  seven  pain, 
slightly  branched- .  Glossipki)niacomplanota{lArai>£tis)i7sS. 

13  (4)  Epididymis  more -or  less  complexly  and  compactly  folded  in  vi- 

cinity of  atritun;  salivary  glands  usually  com[>act.    .    .     14 

14  (37)        One  pair  of  anterior  compound  ej-es;   gastric  ceca  seven  pairs, 

usually  much  branched;  salivary  glands  compact;  size  mod- 
erate to  large.  Temporary  parasites  on  water  turtles,  frogs 
and  fishes;  most  species  also  free-living. 

Flacobddla  R.  Blandiard  1893  .        ij 

15  (16)        Somites  I-V  distinctly  widened  to  form  a  discoid  "head."    Somites 

I  and  II  biannulatc;  dorsum  with  three  strong  papillated 
keeb.  On  fishes  and  frogs.  .  PtacobdetlaitKintiferaMooie  igii. 

16  (is)        Somites  I-V  not  especially  widened 17 
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17  (18)        Anus  at  XXIII-XXIV  and  following  somites  forming  a  narrow 

sucker  pedicle.  Gastric  ceca  branched  once;  very  con- 
tractile; no  cutaneous  papillae.  Nearly  pennanent  parasite 
on  fishes  in  Minnesota  lakes. 

Placobdeila  pedicvlata  Hemingway  1908. 

18  (17)        Anna  behind  XXVII;  posterior  segments  nonnaL 

PiacobdeUa  (5.  str.).   .  .     19 

19  (33}        Cutaneous  papillae  smooth  and  round 30 

30  (31)       Integuments  opaque,  deeply  pigmented  in  a  con^icuous  pattern 

of  olive  green  and  yellow;  annulus 

J*  without  trace  of  a  secondary 
fuiTow;  size  large.     Common  on 
C/uiydra,  etc. 
Placobdeila  parasitica  iSay)  iSi^. 

One  of  the  best  known  of  our  Indus, 
moat  often  found  dinging  in  targe 
niunben  to  the  naked  skin  at  the  base 
of  the  hind  ]tm  of  the  snapping  turtle 
whoie  blood  uey  suck.  Laige  indt- 
viduaU  measuie  from  3  to  4  inches 
long  in  partial  extension  and  are  very 
biwd.  thin,  and  foliaceoui.  When 
bearing  eggs  01  young  they  often  leave 
the  host  and  for  a  time  lead  a  free  life 
in  ponds  and  streams,  feeding  on 
worms  aad  larvae.  Eggs  and  young 
are  home  in  lai^e  numbera  and  it  Is 
BB  interesting  sight  to  observe  the 
crowded  faraUy  «  youngsters  actively 
bending  and  turning  on  the  venter  of 
the  parent,  the  thia  margins  ol  whose 
body  are  inrolled  to  form  a  protecting 
l(jd.  The  color  pattern  is  rich  and 
striking,  the  ground  tolor  of  dull  green 


Fio.  ggs.  PlactUtlU  ftratUita.  Eitenal 
raetunakm.  caitral  nervous  wRem.  r*- 
{mdnctive  o«mn«,  etc  I-XXVII  — 
somiUai  mi,  H.  I,  "•  mancbil,  own 
iBIcnI.  Ulenl  taa  median  Knrillie  a- 
spectivelyi  ^.i~*.  pluxyiicaU  gUndii 
or,  eoopugus;    1,  atiiura  or  ■pernutO' 

.„„,.  from  Whitmu 

31  (ao)  Integuments  translucent,  brightly  but  not  deeply  pigmented  with 
green,  orange,  and  white;  cf  of  complete  somites  with  a 
distinct  secondary  cross-furrow;  size  medium. 

Placobddla  pkta  (Verrill)  1873. 

31  (ig)        Cutaneous  papillae  prominent  and  rou^  or  pointed 33 

13  (a6)        No  marginal  papillae  on  caudal  sucker 34 


.dbyCoOgIc 


6S4  FRESH-WATER  BIOLOGY 

14  (as)        Mudi  depressed;  papillae  numerous;  no  accessory  eyes;  size  large. 
Placabdelta  rugosa  (VeniU)  1874. 

as  (24)  Moderately  d^ressed;  papillae  less  numerous;  neural  annulus  with 
much  dark  pigment;  several  pairs  of  simple  accessory  eyes 
succeeding  compound  eyes;  size  medium. 

Platobdella  hoUensis  (Whitman)  1893. 

a6  (33)  Numerous  minute  papillae  around  margin  of  caudal  sucker.  Mod- 
erately depressed;  dorsal  papillae  usually  in  a  median  and 
two  paired  series,  small,  acute  and  pale  yellow  or  brown;  a 
very  conspicuous  and  constant  pale  band  across  somite  VI; 
size  small.  * PlacobdtUa  phaltra  (Graf)  1899. 

37  (14)  Eyes  four  pairs,  all  simple;  gastric  ceca  nine  or  ten  pairs;  salivary 
glands  difiuse;  body  very  soft  and  almost  ocdemous;  genital 
poresatXI-XIIandXIIaVii';  colorgreen  with  three  series 
of  pale  yellow  spots.    On  Mies  and  free  in  streams. 

Protockpsis  occidenlalis  (VefriU)  1874. 


No  other  glossiphoii 
ai^roach  to  the  same  speed  uid  none  s«im  so  well.  So 
(u  u  has  been  observed  the  eastern  spedea  is  eiclusivdy 
SBiiBuivaroiii,  pursuing  ind  attacking  frags  and  lishei. 


'      '\        Fio.  999.    PntttktsU  taUtnialii.    Ddcsi]  vie*  of  interioc 
■     •  •  -  ^li  aeven  MxmcDM,  •bowing  umuli,  eye*,  ud  tetiaiUe.    X  >o. 

Complete  somites  not  triannulate 39 

Complete  somites  of  two  annuli,  the  anterior  much  the  larger. 
Salivary  glands  compact;  gastric  ceca  seven  pairs;  epidid- 
ymis a  ^ort,  wide,  U-shaped  sperm-sac;  eyes  one  pair, 
united;  genital  pores  separated  by  the  large  annulus  of 
XII;  size  small-    On  salamanders.  North  Carolina. 

*  OligobdtUa  biannulata  (Moore)  1900. 

C  OJifgUfUa  noiB.  dot.  [or  UlaMtlia  Moon  preoocoiiMdJ 


Ad  inteiesting  *ad  little  known  leech  taken  on  only  one 
occasion  in  a  cold  mountain  stteun.  Nothins  known  of 
breeding  habits.     Color  gieen. 


Fio.  Tooo.  OtiiMilia  biannulMa.  Genenl  uatomy:  boDnduies  ol 
middk  umilts  indicsleil;  (,  mlivarr  Khioi:  tl.  nirium;  ti. 
qjcnnalopboft  awr,  n,  sperm  uci  $  male  and  9  female  oriSces; 
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Complete  somites  of  six  unequal  annuli;  salivary  ^ands  diffuse; 
gastric  ceca  seven  pairs;  caudal  sucker  with  marginal  drde 
of  glands  and  papillae;  eyes  one  pair,  tmited;  size  small. 
Piobably  fis))  parasites.  .  AclinobtUUaidooTe  i^i  .  .  31 
Suckei  papillae  and  glands  about  60;  five  series  of  dorsal  papillae. 
Actinobddla  annectetu  Moore  1901. 
Sucket  papillae  and  glands  about  30;  median  dorsal  series  of  pa- 
pillae alone  developed. 

Actinobdeita  inequiannulaio  Moore  1905. 


Body  divided  into  a  narrow  anterior  and  a  wider  posterior  regioQ; 
little  depressed;  eyes  when  present  usually  well  separated; 
stomach  usually  with  only  a  posterior  pair  of  more  or  less 
coalesced  ceca.    .   .   .    Family  IcffiHYOBDELLiDAE  .   .  ^  34 

Complete  somites  of  12-14  ^O^  short  annuli;  no  distinct  lateral 
vesicles;  eyes  one  or  two  pairs;  size  small.  Parasitic  on 
small  fishes Pisckola  putictaia  (.Veni]!)  iSji. 

Complete  somites  of  sis  annuli;  strongly  divided  into  two  regions; 
lateral  pulsating  vesicles  in  somites  XII  to  XXIII;  eyes 
two  pairs;  size  medium.  Parasitic  on  Fundulus  in  fresh  and 
saltwater rrocAefoWeOii  twit^  (Verrill)  1873. 


live  conipi 

leech  which  has  been  Uten  only 


ion  is  fonned  of  eleven  somites  of  which  the  Gnt 

head  and  the  last  three  the  dilellum.  lAaA  is 

posterior  region.     AUtlleknown 


1  southern  New  England. 


>a  Frnm  tlOTsum.  Somitaat  Ibe 
uuiuli  bctwnn  which  the  niW 
.    (After  Udor.) 
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36  (i)  Mouth  large,  occupying  entire  cavity  of  sucker;  pharynx  not 

forming  a  proboscis;  jaws  often  present. 

Suborder  Gnathobdellae  .    .     37 


Eyes  typically  five  pairs  on  somites  II- VI,  arranged  in  a  regular  sub- 
marginal  arch;  complete  somites  five-ringed;  toothed  jaws 
usually  present;  genital  ducts  complex,  usually  with  a  pro- 
tnisible  penis  and  muscular  sheath  (atrium)  and  a  vagina 
of  corresponding  length;  testes  strictly  paired,  usually  nine  or 
ten  pairs;  stomach  with  at  least  one  pair  of  spacious  ceca; 
size  generally  large Family  Hiruoinioae  .   .     38 


38  (43)        J*^"  prominent,  teeth  numerous,  in  one  series;   ceca  along  entire 
length  of  stomach.     True  blood-suckers 39 


Copulatory  gland  pores  on  somites  XIII  and  XIV;  penis  conical; 

dorsum  with  metameric  median  red  and  lateral  black  spots. 

Macrobddta  Verrill  187a  .    .     40 


Genital  orifices  separated  by  five  annulj. 

Macrobddia  dtcora  (Say)  1834. 

The  species  of  UacnbdtUa  ait  the  nearest  ap^jroicb  in  our 
lauoB  to  [be  medicinal  leech  of  Europe  but  at  times  vary  the 
diet  of  blood  with  frogs'  eggs  aod  warms.  If.  dacoro  is  wdl- 
knovn  01  a  voracious  iofester  of  swimming  boles  and  of  drinkiu 
places  for  cattle  anj  has  rccdved  the  name  of  "  blood-sucker." 
After  coitus,  during  which  the  copulatory  glands  function, 
spongy  cocoons  are  formed  and  deposited  to  hatch  in  the  mud 
t^  the  side  of  ponds  and  streams.  Widely  distributed;  reported 
from  Maine  to  Minnesota  and  from  Pennsylvania  to  Kansas, 
norlhwud  into  Canada.  Frequently  used  by  physician*  ini>n<f 
of  imported  leeches  for  blood-letting.    Said  to  be  equally  ef 


Fio.  isoj.  UaaabitOadiura.  Reproductive  otgau  (in  part)  disMctcd. 
vi,  alnuin;  cW.  copulatDry  tlsDcu;  tfr,  ductus  e>acuularnu:  tp,  &A^ 
dymiK  (XI-XiV.((n<Ui  XI  taXlV;  oi,  oviuc;  of  iDdsJcDvidncU 
M,  Dviiyi  1,  and  I,,  tal.  and  kqkkI  pain  of  testoi  ti,  vu  deiercBS. 
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No  copulatory  glands;  penis  filamentous;  colors  variable,  dorsum 
usually  green  with  six  or  four  brown  stripes,  sometimes 
broken.    European  medicinal  leech;  introduced. 

Birudo  midicinalis  Linnaeus  1758. 


Fio.  1004-  Bintdt  mtdiciitQlii.  Extenul  Durpholo^  tram  the  domim.  The  Dammit  on  the  Hffht 
iodnte  the  UDuli,  Uidk  an  Ibe  left  the  KKniln.  the  index  linci  running  to  tbe  Doinl  uimilii 
III  P.  ud  I7li  P.,  fint  ud  luC  uphridloporei.    Nutunl  tiic.     (Aitec  Wbilmin.) 

43  (38)        Jaws  variable,   sometimes   rudimentary   or  absent;    teeth  when 

present  all  or  partly  in  double  series;  gastric  ceca  one  large 
posterior  pair  only.    Chiefly  predaceous.    ......    44 

44  C47)        Jaws  short  andhi^;  teeth  small,  only  partly  in  two  series;  no  penis; 

genital  oriAces  separated  by  three  or  four  rin^s,  surrounded 
by  systems  of  gland  pores.  .  PhUobdeUa  VemU  1874.    .     45 

45  (46)        Denticles  about  35;  narrow  median  dorsal  and  broader  marginal 

yellow  stripes  and  a  few  brown  q>ots. 


1^ 


PkUobdeUa  gracile  Moore  1901. 


singular   habits.     It    is   the 
'■blood- 


bToad-sucka-  "  of  that  regioa. 
Fio.  ico's.  PUIeiitHa tncik.  A.ttunui 
genital  oriaca  ( 3  ,  9  )  irith  their  re- 
spective syilenis  of  gland  pores  (cgp  $ 
and  cgp?):  mf,  nephridkipore^  itiii, 
W.  «■■.  ■ubmannnHl.  Lklenl.  Kid  medlin 
r  Moon.)    B, 
.  XsS.  (Alter 


46  (45)        Denticles  about  30;  no  median  dorsal  stripe  and  no  spots;  two 

faint  stripes  of  reddish  brown  separated  by  a  narrow  line  of 
blackish  on  each  side  of  dorsum, 

Philobddia  fiondana  Verrill  1874. 

47  (44)        Jaws  rather  small  and  retractile  into  pits  or  absent;  teeth  when 

present  coarse  and  all  in  double  series;  penis  filamentous; 

genital  orifices  separated  by  five  rings;  no  copulatory  glands. 

Eaemopis  Savigny  i8ao  .  .     48 

48  (51}        Jaws  and  teeth  present 49 
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49  (5°)        Teeth  13-16  paiis;  annuli  VII  a'  and  VIII  a'  enlarged,  but  only 
slightly  subdivided;  color  variable,  usually  blotched. 

Saemopis  mamufraiis  (Say)  1824. 


,    Eilsiul  TOoTpbalocy, - 


Fk.  ioot-    Btamtfb  m 
iBmttud.   *l,  Mrimn  at 


50  (49)       Teeth  20-25  pain;  annuli  VII  a'  and  VIH  a',  completely  subdivided; 

color  gray  or  plumbeus  with  no  or  few  spots,  usually  a 
median  black  and  marginal  orange  stripes;  size  veiy  targe. 
An  aquatic  and  a  terrestrial  variety. 

Baemopis  lateralis  (Say)  1834. 

51  (4S)        Jaws  absent  or  rudimentaiy;  no  teeth 53 

53  (53)  Upper  lip  relatively  narrow  and  arched;  S  orifice  XI  £*/b',  9 
XII  if  lb*;  protruded  penis  very  slender  and  straight;  ven- 
tral ground  color  paler  than  dorsal;  dark  bbtcbes  always 
present;  size  very  large.  .  Eaemopii  grandts  (Verrill)  1874. 

S3  (53)  Lip  relatively  bioad  and  flat;  genital  pores  near  middle  of  XI  I^ 
and  Xn  b*;  protruded  penis  very  long,  rather  thick  and 
twisted;  ground  color  neariy  uniform;  dark  blotches  be- 
quently  absent  or  few;  size  moderate: 

Haemopis  pluttAeus  Hooie  1913. 


.dbyCoOgIc 


THE    LEECHES    (HIRUDINEA)  659 

54  (37)        Eyes  three  or  four  pairs  (rarely  absent),  usually  one  or  two  pairs 

on  n  and  two  pairs  at  sides  of  mouth  on  IV;  no  jaws,  no 
gastric  ceca;  genital  ducts  relatively  simple,  with  small 
atrium  produced  into  a  pair  of  dorsal  comua  and  no  penis; 
testes  numerous,  not  paired.    Predaceous. 

Family  H£kk>bd£liii>ae  .  .     55 

55  (56)  Somites  strictly  five-ringed,  none  of  the  annuli  obvioudy  enlarged 
or  subdivided.  Eyes  three  pairs,  the  first  largest;  genital 
pores  3q>aiated  by  two  annuli;  atrial  comua  simply  curved; 
vasB  defcrentia  reaching  forward  to  ganglion  XL 

HerpobdeUa  punctata  (LeJdy)  1870. 
The  largest,  best  koown  and  most  widely  distributed 
memberof  the  tsmUy  in  North  America.  The  color  varits 
coDsderably  accotdm^  to  the  amount  ol  black  pJKmenc 
preteot.  A  very  active  leech  which  feeds  voradoualy  od 
miall  worms,  other  leecbes,  and  aquatic  J '~ 


Flo.  looS,  BtrfMiBaftii'tala.  Alrium  ud  sei^baring  puM 
o(  repndiKlivE  ocgaiu.  <U,  Uiium;  ie,  ductut  ejacaUtKtia; 
cXI,  gaDgliaa  XI;  9.  feoulc  orifice;  tf,  lundoi  oC  ovMiyi 
n,  OTMy;  f.  atrial  bom.    X  7t-    (After  MootaJ 

$6  (55)        Aonulus  b  obviously  enlarged  and  subdivided 57 

57  (58)       Atrial  comua  spirally  coiled,  vasa  deferentia  with  anterior  loops 
reaching  to  ganglion  XI;  eyes  four  pairs;  genital  orifices 
separated  by  two  aimuli;  colors  (Jain  or  irregularly  blotched. 
Ifepkelopsis  obscura  VerriU  1837. 

Fio.  loog.  ff(>MifiJt  stnwa.   Doc«daiu1  lateral  aqxctsirf  atrial 


58  (57)       Atrial  comua  not  spirally  coiled,  but  ^rt  and  merely  curved, 

Dina  R.  Blanchard  1891  .   .     59 

59  (tia)       Vasa  deferentia  with  anterior  loops  reaching  to  ganglion  XI.  .     60 

bo  (61)        No  pigmented  eyes;  genital  pores  separated  by  two  annuli;  longi- 
tudinally str^^ed.    Califomia.  .  DmioiuKHJa/a  Moore  1898. 

81  (60)        Eyes  four  pairs;  genital  pores  separated  by  three  to  three  and  one- 
half  annuli;  nearly  pigmentless.   .    Dina  parva  Moore  1911. 


63  (59)        Vasa  deferentia  not  extending  anterior  to  atrium 63 

63  (64}        Eyes,  three  pairs;  genital  pores  separated  by  three  annuli;  atrial 
comua  very  amau;  pigment  neariy  aleent. 

Dina  microstoma  Moore  1901. 


.dbyCoOgIc 


66o  FRESH-WATER  BIOLOGY 

64  (63}       Eyes,  three  or  four  pairs;  genital  pores  separated  by  two  annult; 

atrial  comua  prominent;  pigment  absent  or  io  scattered  flecks. 

Dinafervida  (VeniU)  1871. 


[',  4^,  cuMd  end  <il  ovuri  m, 
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CHAPTER  XXr 
THE   FAIRY   SHRIMPS   (PHYLLOPODA) 

By  a.  S.  PEARSE 

Fhyixofod  crustaceans  are  among  the  most  graceful  and  attrac- 
tive of  the  inhabitants  of  fresh-water  pools.  A  familiai  example 
is  the  fairy  shrimp  {Eubranckipus)  that  is  a  harbinger  of  spring 
throughout  the  eastern  and  central  United  States.  No  phyliopoda 
are  of  great  size,  the  largest  usually  not  exceeding  a  couple  of 
centimeters  in  length,  though  one  spedes  of  Apus  reaches  seven. 
Certain  genera  of  this  group  *  of  crustaceans  existed  in  Devonian 
times  but  recent  species  were  first  described  by  scientists  early  in 
the  eighteenth  century,  and  were,  with  the  cladoceran  Dapknia, 
made  the  subject  of  a  series  of  remarkable  memoirs  by  J.  C.  Sch^er 
(1752-1756).  Up  to  the  present  time  forty-one  species  have  been 
described  from  North  America  and  a  large  number  from  other 
continents,  for  phyllopods  occur  in  every  part  of  the  world  and  are 
found  from  sea-level  to  altitudes  of  more  than  10,000  feet.  Bat 
the  animals  that  are  to  be  discussed  in  this  chapter  are  interest- 
ing not  only  on  account  of  their  ancient  lineage  and  wide  distribu- 
tion. Their  primitive  structure  has  been  much  studied  hy  those 
who  sought  to  solve  the  riddle  of  the  origin  of  the  arthropods,  and 
thdr  remarkable  ability  to  withstand  striking  changes  in  temp»~ 
ature  and  humidity,  as  well  as  the  various  forms  that  some  species 
assume  under  different  conditions,  have  made  them  equally  attrac- 
tive to  naturalists  and  those  interested  in  the  e^ierimental  side  of 
zoology. 

The  different  suborders  of  phyllopods  present  con^derable 
diversity  in  general  shape.  Such  diversity  is  due  largely  to  difler- 
encea  in  the  development  of  the  carapace,  which  may  form  a  shelly 
fold,  and  these  dififerences  are  curiously  correlated  with  variations 

' '  Cabnan  rejects  the  suborder  Phyliopoda  and  divides  hia  subdaas  BuBtHopod^ 
fato  four  orders:  Anostiacs,  NobMtraca,  Ccmdicetiaca,  Cladocera.  Tbae  Is  mucb  in 
[avot  of  such  a  Eastern. 
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in  the  position  of  the  eyes.  In  the  Anostraca  (Fig.  loii)  there  is 
no  shell-fold  and  the  body,  composed  of  many  distinct  somites,  has 
an  almost  worm-Uke  aspect;  the  Notostraca  (Fig.  1012)  are  also 
elongated  and.composed  of  numerous  somites,  but  are  flattened,  and 
their  anterior  porUoD  is  covered  dorsally  by  a  broad  arched  carapace ; 
the  bodies  of  the  Conchostiaca  (Fig.  1013)  tend  to  be  laterally  com^ 
pressed  and  are  enveloped  in  a  bivalve  shell  that  makes  them  look 
like  a  small  clam.  The  shell-fold  is  not  attached  to  the  trunk 
somites  which  it  envelops.  It  may  be  more  or  less  corneous  but 
is  never  calcified.  The  eyes  are  elevated  on  movable  peduncles  in 
the  Anostraca  but  are  sessile  in  all  other  phyllOpods.    A  peculiar 


structure,  the  frontal  (or  haft)  organ,  is  variously  developed  m 
the  dififerent  groups;  in  some  it  is  only  a  sensory  area  and  in  others 
it  has  a  knob-like  pediculated  form. 

The  head  is  distinct  from  the  trunk  and  the  number  of  trunk- 
somites  is  variable.  Some  notostracans  have  as  many  as  forty-two 
trunk-somites;  the  Conchostraca  have  from  thirteen  to  twenty- 
eight,  and  the  number  in  the  Anostraca  ranges  from  nineteen  to 
twenty-three.  Apart  from  the  head,  the  trunk  of  phyll(qx)ds 
shows  no  differentiation  into  distinct  regions.  The  terms  "thorax" 
and  "abdomen"  have  been  variously  used  to  designate  the  pre- 
or  post-genital,  or  the  limb-bearing  or  limbless,  regions  respectively. 
But  the  limits  of  these  regions  do  not  coincide,  even  approximately, 
except  in  the  Anostraca;  and  "thoracic"  and  "abdominal"  are 
therefore  not  applicable  to  the  group.  The  last  segment,  or  telson, 
usually  bears  a  pair  of  appendages,  the  furcal  rami  or  cercopods. 

Tie  appendages  are  fairly  uniform  in  character,  except  as  they 
are  modified  by  sexual  dimorphism.    The  first  antennae  are  always 
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small  and  often  unsegmented.  The  second  antennae  are  vestigial 
or  absent  in  the  N«tostraca;  in  the  male  anostracans  they  form 
variously  modified  clasping  organs;  and  in  the  Conchostraca  they 
are  biramous  swimming  appendages.  Male  Anostraca  often  bear 
frontal  organs  which  may  arise  from  the  bases  of  the  second  anten- 
nae or  from  the  front  of  the  head.  The  trunk-limbs  are  leaf-like 
in  form  (hence  the  name  PhylJopoda)  and  are  remarkable  for  hav- 
ing gnathobases,  or  "chewing  bases, "  far  removed  from  the  mouth. 
The  first  or  the  first  and  second  pair  are  modified  in  male  Con- 
chostraca for  clasping  the  female.  In  female  Notostraca  the  limbs 
of  the  eleventh  trunk  somite  are 
modified  to  form  brood-pouches,  or 
"oostegopods,"  for  carrying  eggs.    The  "^ 

females  of  some   Conchostraca  have     y^  S. 

the  flabella  of  two  or  three  limbs  near  -^ 
the  genital  aperture  enlarged  and  the 
egg  masses  are  attached  to  these.  In 
the  Anostraca  the  appendages  of  the 
somites  on  either  side  of  the  genital 
opening  are  modified  for  reproduction 
in  both  sexes. 

In  addition  to  the  various  appendages 
which  serve  as  accessory  reproductive 
oi^ans,  the  oviducts  umte  to  form  an  ^'°(*.'tdin:'*He^JSSdS'itfci^SS." 
external  uterine  chamber  in  the  Anos-         ^'  "  ' 

traca,  and  the  males  of  the  same  suborder  have  a  copulatory  organ 
formed  by  the  fusion  of  the  extremities  of  the  vasa  deferentia. 
All  phyllopods  are  of  separate  sexes.  Males  are  much  less  common 
than  females,  in  fact  some  species  are  known  only  from  female 
specimens,  and  the  development  of  several  is  believed  to  be  usu- 
ally parthenogenetic.  The  gonads  are  paired  and  have  a  simple 
tubular  structure,  except  in  the  Notostraca  where  they  are  much 
ramified.  In  the  Anostraca  the  eggs  are  carried  in  the  female's 
brood-pouch,  the  uterine  portion  of  the  oviduct,  sometimes  until 
they  hatch.  The  Notostraca  bear  the  eggs  in  the  special  receptacles 
formed  by  the  eleventh  pair  of  trunk-lhnbs,  and  the  Conchostraca 
carry  them  enclosed  in  the  valves  of  the  shell. 
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The  alimentary  canal  of  phyllopods  consists  of  a  large  mastica- 
tory and  glandular  atrium  produced  by  an  overhanging  labrum 
c  in  front  of  the  mouth; 

this  is  followed  by  a 
buccal  cavity,  a  ver- 
tical es(^hagus  and  a 
small  globulai  stom- 
ach within  the  head; 
and,  behind  these,  is  a 
long  straight  intestine 
which  terminates  in  a 
short  rectum  at  the 
posterior  end  of  the 
body.  The  heart  is 
^^"iuf,:^■T>r^^.'S^^•!i^.°L^^^:rr^^  greaUy  elongated  in 
o.iu™i.^:/,«.b,ii.=  ..un.b™.  (M«."?«*.,J,  ^^^   Anostraca,    oc- 

cupying nearly  all  the  trunk-somites,  with  a  pair  of  ostia  opening 
in  each  somite.  In  the  Notostraica  and  Conchostraca  it  is  more 
restricted  —  and  extends  through  only  three  or  four  segments  in 
the  latter.  There  are  no  definite  blood  vessels.  A  maxillary  gland 
(consisting  of  an  end-sac,  glandular  coiled  tube,  and  short  terminal 
duct)  serves  as  an  excretory  organ  in  phyllopods.  The  ladder-like 
structure  of  the  ventral  nerve  chain  shows  the  primitive  character 
of  the  nervous  system. 

After  leaving  the  egg,  all  American 
phyllopods  begin  their  development  as  a 
free  swimming  nauplius  or  metanauplius 
(Fig.  1014).  Some  differences  exist  even 
in  closely  allied  forms  in  regard  to  the 
stage  ot  development  reached  at  hatching. 
The  larvae  of  Oie  Notostraca  and  Anos-  ^y™*f,  jiSSSSd""  tuiSat^. 
traca  are  typical  metanauplei  at  the  time  '""  i-i-'"''T™u«<«z«*«..) 
of  hatching,  with  an  oval  body  that  shows  the  beginning  of  several 
trunk-somites  posteriorly  and  sometimes  the  rudiments  of  their 
appendages.  The  first  antennae  are  well  developed  but  uniramous, 
the  second  antennae  have  a  movable  masticatory  process  and  the 
mandibles  are  but  feebly  developed.    The  earliest  conchostracan 
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larva  has  no  trace  of  tnmk'Somites;  the  first  antennae  are  greatly 
reduced  and  the  labnun  is  very  large.  The  tnink-somites  and  their 
appendages  become  differentiated  in  regular  order  from  before 
backwards.  The  single  median  eye  of  the  larva  persists  in  adult 
pbyllopods. 

All  Phyllopoda,  except  Artemia,  live  in  small  fresh-water  pools, 
especially  those  that  are  formed  during  spring  rains  and  dry  up 
during  the  summer.  In  such  situations  they  often  occur  in  enormous 
numbers.  The  writer  once  saw  in  Nebraska  nearly  half  a  bushel 
of  dead  Apus  bodies  on  the  bottom  of  a  shallow  dried-up  depression 
about  twenty  feet  in  diameter.  The  eggs  of  most  genera  can  re- 
sist prolonged  desiccation ;  indeed  it  seems  necessary  for  the  develop- 
ment of  many  species  that  eggs  should  first  be  dried  and  afterwards 
immersed  in  water.  Many  eggs  float  when  placed  in  water  and 
development  takes  place  at  the  surface.  The  mud  of  dried  pools 
often  contains  large  nimibers  of  eggs  that  may  be  carried  long 
distances  by  winds,  birds,  or  by  other  means.  Many  exotic  species 
have  been  reared  from  dried  mud  brought  home  by  travelers. 

On  account  of  the  rapid  evaporation  of  the  pools  in  which  they 
live,  phyllopods  are  able  to  withstand  considerable  changes  in  the 
amount  of  mineral  salts  in  the  water.  It  is  remarkable  that, 
though  none  of  these  crustaceans  are  marine,  Artemia  salina  lives 
in  salt  lakes  and  salt  evaporating  basins  where  the  salinity  far  ex- 
ceeds that  of  the  ocean.  One  instance  has  been  recorded  where 
the  salts  in  solution  were  371  grams  per  liter,  and  where  the  water 
was  of  the  color  and  consistency  of  beer.  Artemia  salina  is  subject 
to  marked  fonn  variations  that  are  more  or  less  correlated  with 
salinity,  and  both  Kellogg  and  Artrom  have  observed  that  this 
species  tends  to  assume  a  reddish  color  as  the  water  about  it  grows 
denser. 

Phyllopods  usually  swim  on  their  backs  with  the  ventral  surface 
uppermost.  Eubranckipus  swims  easily  about  when  it  is  not  rest- 
ing on  the  bottom;  Apus  is  a  graceful  swimmer  but  often  aeeps  on 
its  ventral  surface  over  the  bottom  and  upon  vegetation;  Estheria 
commonly  burrows  in  the  mud.  Food  is  collected  in  the  ventral 
food-groove  between  the  post-oral  limbs  whose  gnathobases  drive  it 
forward  to  the  mouth.    It  consists  of  suspended  organic  debris, 
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together  with  diatoms,  other  algae,  and  Protozoa.  Large  species, 
however,  are  able  to  gnaw  objects,  and  Apus  is  said  to  nibble 
insect  larvae  and  tadpoles.    No  parasitic  phyllopods  are  known. 

The  distribution  of  all  species  is  apt  to  be  local  and  irregular. 
A  certain  pool  may  swann  with  phyllopods,  while  others  near  at 
hand  will  not  possess  a  single  individual.  A  particular  species  may 
be  extremely  abundant  for  one  season  and  then  be  infrequent  or 
entirely  absent  for  several  years,  or  it  may  appear  regularly  in  a 
certain  spot  season  after  season.  No  Notostraca  have  been  found 
in  eastern  United  States  and  none  of  the  genus  Estheria  in  the 
Conchostraca  are  found  east  of  the  Mississippi  River.  The  greater 
part  of  the  North  American  species  are  found  on  the  great  plains. 

Collecting  phyllopods  is  usually  a  simple  matter.  They  are 
easily  captured  with  a  hand  net  or  picked  up  with  the  fingers. 
For  ordinary  purposes  70  per  cent  alcohol  is  a  satisfactory  preserv- 
ative; specimens  may  be  kept  for  future  reference  by  dropping 
them  into  it  and  keeping  them  in  a  tightly  stoppered  bottle.  Dilute 
formol  may  also  be  used,  but  is  not  as  satisfactory  as  alcohol  because 
it  often  makes  specimens  so  brittle  that  they  break  up  easily. 
These  crustaceans  are  admirable  aquarium  animals  and  make 
attractive  objects  for  a  school  room  or  private  study.  With  a 
few  water  plants  for  company  they  may  live  for  weeks.  They 
should  not  be  put  in  aquaria  with  predaceous  animals  for  usually 
they  will  be  quickly  devoured. 

KEY  TO  NORTH  AMERICAN  FRESH-WATER  PHYLLOPODA 
1(36)    BodyeloDgated,withoutcarapace(Fig.ioii)  .  Suborder Aaostnca  .  2 

2  (5)    Seventeen  to  nineteen  pairs  of  pregenital  ambulatoiy  limbs. 

Family  PoLYAKTEianiAE. 
Only  one  genus  in  America. PolyarlemitUa.  .  .  3 

3  (4)    Male  frontal  appendage  tuberculiform;  male  clasping  antenna  quadri- 

ramose PotyartemieUa  hanseni  (Murdoch)  1874. 

Described  Irom  Akska.  Thiaand  the  Folloiring  spedes  are  reourluble 
for  the  large  number  of  ainbulatocy  limbs  which  exceeds  tbat  of  any  olber 
anoitracaD.  Apparently  common  in  poniona  ol  Alaska  and  Yukoa 
TerriCory  that  border  on  the  Arctic  Ocean. 
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4  (3)    Male  frontal  appendage  wanting;   male  clasping  antenna  triramoM. 
Poiyarlemielia  judayi  Daday  1909. 

R^'l^  The  copulatory  appendages  al  this  lorm  are  thick,  spiny,  and  shaped  like 

a  fish-ho^;  Ihe  female  has  a  long  median  finger-iilie  ■ppendage  on  the 
donal  surface  above  the  eeg  sac. 

Pribyloff  lalands  and  Alaska.    The  genoi  to  vhich  this  apedoi  belong  is 
CDtirely  arctic  in  its  distribution. 
F10.1016.    PslyarUmiiUiiimdayi.  Dorui viewolheadotmik.   XS-  (AfterDiday.) 

5  (2)    Eleven  pairs  of  piegenital  ambulatory  limbs 6 

6  (33)    Clasping  antenna  of  male  biarticulate 7 

7  (16)    Head  of  male  unarmed  in  front,  basal  segment  of  clasping  antenna  with- 

out a  laminar  appendage.  .  Family  Bkamchinectidae  .   .  8 
&  (15)    Post-genital  region  ^-segmented,  apiad  article  of  male  clasping  antenna 

triangular  and  falciform.  .......  BrancUinecta  .    .  g 

9  (10)     Basal  segment  of  male  clasping  antenna  serrate  on  inner  mar^. 

Branckinecta  paJudosa  (O.  F.  MUller)  1788. 

o^  fi^lf  "^^  *^  "'^  "^  ^^^  female  is  very  long  and  slender.    The  copulaloiy 

wt  "l-*3^  appendage  of  Ihe  male  is  tliick  and  arcuate. 

This  is  ao  arctic  species  and  occurs  in  northern  Europe  ai  weU  as  In 
Greenland.  Labrador,  and  Alaska,  in  North  America.    See  also  Fig.  loi  i , 


(After  DadiyJ 


XS- 


10  (9)    Basal  segment  of  male  clasping  antenna  not  senate  on  inner  margin.  1 1 
11(14)     Basal  segment  of  male  clasping  anteima  with  a  spiny  area   on 

inner  margin 13 

13  (13)     Inner  margin  of  basal  segment  of  male  dasping  antenna  with  a 

rounded   tubercle   near    base  and   a    swollen   spiny  area 

just  proximal  to  middle. 

Branckinecta  cohradetuis  Packard  1874. 


The  segmentation  and  early  devdopment  take  place  under  the  ke  In 
ability  ti 


leis  Id  the  genus. 

Reported  from  Colorado 
The  larvae  appear 


soon  as  the  ice  melts  in 


13  (13)  Basal  segment  of  male  clasping  antenna  armed  with  a  large  spiny 
process,  one  third  as  long  as  the  segment,  which  arises  just 
distal  to  the  middle  of  the  iimer  margin  and  projects  proxi- 
mally,  a  prominent  finger-like  process  with  a  tuberculated 
tip  near  inner  pronmal  angle. 

Branchiitula  packardi  Pearse  1913. 
The  five  pregenital  segments  of  female  produced  laterally  into  strong 

Siinous  processes;  these  grow  larger  postenoriy.    Collected  at  La  Junta, 
olorado. 
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14  (11)    Inner  margin  of  basal  segment  of  male  clasping  antenita  without  a 
tubercle  but  with  a  spiny  area  near  proximal  end. 

Branchinecia  lindahli  Packard  1883. 

The  body  is  robiut;   the  caudal  tppcaiaga  on  coiiip*i>tivdy  ions; 

the  egp  are  imall,  and  the  ovisac  imially  cootaiju  about  fifty  of  them. 

A  ^aim  q>eda  Temrded  from  Kuw,  Nebcuka,  Colonu]o>  and 


re  imall,  and  the  ovisac  uiually  cootaiju  about  fifty  oJ 
s  q>eda  Temrded   from  Kanw,  Nebraska,  Colonui... 
Wy(Hiiin(.    It  is  known  to  occur  as  hj^  as  7500  ft.  above  lea  level. 

Fi0.tO9ci.  BmniimMa  tmJoUI.   Eeadof  malFifniiUviev.  Xi.  (AlterShuti.) 

15  (8)    Post-genital  region  8-aegmented,  apical  article  of  male  clasping  antenna 
compressed Arlemia. 

Only  one  species.    .    .    .  Arlemia  salina  (Linnaeus)  1851. 

Connecticut,  Utah,  CalUornia.  Lowet  Califonua.  This  spedes  U 
remarkable  lor  iti  ability  to  live  in  extreniely  saline  water.  It  is 
frequently  found  in  sah  evaporating  basins.  The  form  is  variable, 
and  leversl  varieties  have  been  described. 

FK.  lOli.    irHmui  salima.    Head  o(  male,  donal  -new.    X  «.    (After  Dsdsy.) 

16  (7)    Head  of  male  often  bearing  a  frontal  appendage  or  a  laminar  ^>pendage 

on  the  basal  segment  of  the  clasping  antenna. 

Family  C^irocephaudae  .    .    17 

17  {30)     Frontal  appendage  of  male  variable,  rather  short;  terminal  s^ment 

of  copulatory  organ  smooth Eubraitchipus  .    .   18 

18  (35)    Body  segments  of  male  and  female  all  superficially  unarmed.  .   .  19 

19  (k>)    Frontal  appendage  of  male  short,  about  as  long  as  basal  joint  of  sec- 

ond antenna;  lanceolate,  margin  denticulate. 

Eubranc/npus  vatwHi  VerriU  1869. 

Massachusetts,  New  Jersey,  Indiana,  Michigan.  This  spedes 
appears  in  small  (juiet  pools  soon  after  the  snow  diiaiipeara  in  spring, 
or  even  in  mid-winter,  but  has  not  been  observed  during  the  summer 

Fm.  ioj>.    Eutmiddfia  rernalU.    Had  ol  mile,  tide  view.    X  4. 


r  (33)     Frontal  appendages  of  male  attenuate,  middle  fourth  senate. 

Eubranchipus  koimani  (Ryder)  1879, 

This  spedes  was  Eist  discovered  in 
New  Jersey  and  has  since  been  ob- 
served 00  LiOng  Island,  New  York. 
Packan)  ('S3)  confused  this  spedas 
with  BraiKkmdIa  tiisUri  Daday. 

Fio.  loij.  £«tn«Ufiu  irimami.  Hod 
d  Biile;^,tldE  ilew;  B.lnmt  view. 
X4-    (After  Dadv.) 

sa  (31)    Frontal  appendages  of  male  broad,  lanceolate,  lobate  on  margins.   33 
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base  that  is  one-eighth  as  long  as  the  segment. 

Eubranckipus  omatus  Holmes  1911. 


frontal  appendagrs  arc  le- 
nuiAiibly  broad.  In  the 
left-hand  figure  the  male 
frontal  appendaga  are 
tolled  up. 

FN.  lOM-  Bmbrmcldfiu  or; 


94  (33)    Tenninal  segment  of  male  clasping  anteima  armed  with  a  process 
near  its  base  that  is  half  as  long  as  itself. 

Eubranckipus  dadayi  Pearse  1913. 


markibly  1l , 

This  apedea  appears  in 
small  pools  dunog  April 
and  May.  The  females 
are  more  reddish  than  the 
ttuulucent  males. 


EubrarKlupiis  da- 


as  (j8)    Some  body  s^ments  produced  into  lateral  processes 36 

36  (17)    Body  segments  9  and  10  of  female  produced  into  lateral  processes; 

post-genital  segments  unarmed. 

Eubranckipus  gelidus  (Hay)  i8Sg. 

Records  from  New  York.  Massachusetts, 
Indiana,  Alaska,  and  Yukon  Territory.  Canada. 
XJaually  abundant  where  il  is  found.    The  proc- 


n  front 


f  theei 


on  the  female  diatin^ish  this  species  from  all 
othets  in  the  genus.  The  Hay's  ('Boj  hatched 
the  eggs  of  this  anostracan  from  dried  mud. 
without  freezing,  and  described  developmental 
Ftages.  The  wide  range  is  remaihable  for  a 
member  of  this  genus. 

Fio.  m6.    Entrancliipiii  f^Htu.    A.  side   view  of 


1}  (36)    Body  segments  9  and  10  of  female  not  produced  laterally;    post- 
genital  segments  acutely  produced  on  both  sides.  ...     38 
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38  (39)     Post-genital  region  S-segmented;  cercopods  eimfona. 

Eubranckipus  senattu  Forbes  1876. 
Described  from  ipedmeos  Uken  in  niinais. 

39  (38)     Post-genital    region   tj-segmented;     cercopods   dilated   with  obtuse 

apices Eubranchipiu  bvndyi  Foibta  iSy6. 

Desoibed  irom  apedmens  collected  ia  Wiscoiuii]. 

30  (17)    Fiontai  appendage  of  male  either  vertical  or  extending  out  from  the 

middle  of  front  of  head)    terminal  segment  of  copulatory 
organ  spiny 31 

31  (31)     Post-genital  segments  distinct  in  both  sexes,  cylindrical,  cercopods 

alwa^  distinct Branchin^a. 

Only  one  species  in  North  America.  ,  BranchineUa  gissleriDaday  1910. 

litis  iateftating  phyllopod  has  been  retmtly  described 
from  spedmeu  collected  is  New  York.  Psck&td  ('Sj) 
confused  it  vith  EubramMpia  jhrfnunti  (Ryder).  The 
male  frontal  B{q>end«8cs  aic  usually  tiristed,  ana  cmled 
together. 

Fid.  loir,    BrancUndla  lisiltrl.    Dona]  vkw  of  hud  of  male. 
X  J.     (Alter  Didiy.) 

33  (31)     Post-genital  segments  fused  in  both  seies;  cercopods  confluent. 

Thamnoceplialus. 

Only  one  spedes Thamnocephtdus  platyunts  Packard  1879. 

A  peculiar  species  that  has  btea  recorded  from  EUis, 
KoDsas,  where  it  frequented  temporary  pools  in  the 
,   bottoms  of  ravines,  and  from  La  Junta,  Coloradoi 
I   where  it  was  found  in  a  "cattle  pool" 

.  loiS.      Tlummictfluliu   Mslwnu.     Doth]   vicwof 
male.     X  i.    (Altei  Packard.) 

33  (6)    Clasping  antenna  of  male  tiiarticulate.    Family  Streptocephalidae. 

Only  one  genus  in  America Streptocephalus  .    .  34 

34  (35)     Anterior  digit  of  male  clasping  antenna  broad,  midulate,  bifid  at  tip. 

Streptocephalus  texaniu  Packard  1671. 

The  second  antennae  of  the  female  scarcely  exceed  the  first  in  lenglb; 
her  cercopods  are  stouter  than  those  of  the  male. 

The  appendages  beneath  the  head  of  the  male  are  root-like  and  give  the 
animal  a  veiy  peculiar  appearance. 

Texas,  Kansas.  Colorado,  Nebraska.  This  ipedes  occura  in  the  spring  or 
fall  in  pools  on  the  open  prairie. 

Fic.  tei«.    SiriflKttlalui  laamu.     Head  of  male.    X  4-    (After  Piekard.) 

35  (34)    Anterior  digit  of  male  clasping  antenna  nearly  straight,  linear. 

Streptocephalus  seaJii  Ryder  1879. 

j^^i  New  Jersey.     This  spedes  has  been  known  to  appear  twice  in  the  same  pool 

^^   U  during  a  summer,  in  June  and  August,  following  lains, 

r\Lj  Packard  described  another  spedca.  S.  ftoridantu,  but  the  description  was 

I  or/  ""^  definite  enough  to  differentiate  it  from  other  American  spedes. 

^£^  Fio.  isjo-    Suifltftlialia  saSU.    Head  of  mtlE.    X  }.    (Aftu  Pickaid.) 
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36(1)    Body  with  a  well-developed  carapace 37 

37  (5O     Body  depressed,  covered  dorsally  by  a  depressed  shield. 

Suborder  NotoBtnca  .   .  38 

38(45)    TelsoD  ending  in  a  long,  paddle-shaped  outgrowth.  .  Lepidurus  .   .  39 

39  (40)    Telson  shoit,  obtusely  pointed,  spiny  on  edge. 

Lepidufus  glacialis  Eroyer  1847. 

Mr?a  An  arctic  spedes  recDided  from  Grecnlaiid  uid  Labisdor.    The  cuapBce 

ly.jB  is  very  large  and  r^ulaily  ovate;  tvelve  s^ments  are  exposed  bdiiod  it. 

^1^^^  Fio.  1031.    UfUurv  fiacMia-    Tebon.    X  6.    (After  Paduid.) 

40  (39)    Telson  spatulate 41 

41  (41)    Telson  carinate  dorsally;  carapace  large,  leaving  only  five  body  seg- 

ments and  telson  uncover^. 

LepiduTui  couesii  Packard  1875. 
This  ipedes  occurs  in  UtaJi  vbere  it  Erequents  prairie  pools  of 

Fio.  1031.    Ltfidtmi  cvusii.    Tebon.    X6.    (Alter  PackatdJ. 

43  (41)     Telson  not  carinate  dorsally 43 

43  (44)    Telson  long  bilobed;  carapace  short,  without  spinous  crest. 

Lepidurtu  hihbattts  Packard  1877. 
This  spcdes  has  not  been  recorded  since  the  Hayden  survey,  when  it  was  taken  In  Colorado. 

44  (43)    Telson  long,  not  carinate,  sometimes  btlobed;  carapace  with  a  median 

spinous  crest Leptdurus  lemvumi  Holmes  1894, 

CiUfomla.    Tlie  cercopods  are  very  kng  In  this  apedea. 

45  (3B)    Telson  short,  cylindrical,  simple Apus  .   .   46 

46  (47)    Carapace  as  long  as  the  portion  of  the  abdomen  projecting  beyond 

it;   telson  short  with  two  median  and  two  lateral  spines  on 
its  dorsal  median  third.   .    .    .   .4^tuae9ua/»  Packard  1871. 

A  widely  distributed  spedcs  occurring  in  Mexico,  Lower  Califbmis,  Texas, 
Nebraska,  and  Kansu.  ItjhBs  13  segments  eipoaed  behind  (lie  carapace. 
Fig.  loii  shonsthe  form  of  this  spedea. 

Fii;.ict]3.    JfwwtMfit.    Tebon.   X  C.   (After  Packard.) 

47  (46)    Carapace  shorter  than  the  portion  of  the  abdomen  exposed  behind 

it. 48 

8  (49)    Telson  bng,  with  three  median  and  two  lateral  spines  on  its  dorsal 
median  third;  19  segments  exposed  behind  carapace. 

Apus  neuiberryi  Packard  1871. 

Recorded  from  Utah  and  Colorado.  The  hairs  along  tbe  cwcopods  ar« 
said  to  be  r«maiiubly  fine. 

Pio.  lOM-    Apiu  Ktwttrryi.    Telsan.    X  6.    (After  Packard.) 

49  (48]    More  than  30  segments  exposed  behind  carapace So 
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50  (51)  Carapace  short,  three-fifths  as  long  as  exposed  abdomen;  telson  with 
one  (or  two)  median  and  two  lateral  spines  on  Us  dorsal 
median  third ^^ /ufiuamu  Packard  1871. 

Ad  abunduit  and  widely  distributed  spedM;  reported  from  Loner  Call' 
lonua  mdKansu. 

FIG.IOJ5'    ApuiluHHiHi.    Tdion.     X «.    (Ailei  Ptckud.) 

51  (50)     Carapace  even  shorter  than  in  A.  lucasanus;  telson  very  short  with 

one  median  and  four  lateral  spines  on  dorsal  median  third. 
Aptu  Umgicaudalus  Leconte  1846. 

'   'f-.^^  This  lorm  occun  in  Colondo,  Nebraska,  Texas,  and  along  tlie  Yellomtoae 

■-'■■*  ^      Rivet. 

Fro.  lajS.    AfHsloHtiauialKt.    Tdaon,    X  S.    (After  Padird.J 

5J  {37)  Body  compressed,  carapace  forming  two  lateral  valves  which  enclose 
the  body Suborder  Coaclio«trac«   .   .  53 

53  (60)    Only  the  first  post-cepbalic  limbs  prehensile  in  the  male;   carapace 

^heroidal,  without  lines  of  growth;    head  not  included 

within  carapace-chamber.     Family  Ijunetidae. 

Only  one  genus Lmnttis  .    .  54 

54  (57)    Shell  subsphericaL     SS 

55(56)    Length,  3  mm.;  front  of  male's  head  narrow;  second  antenna  i6-seg- 

^  g    mented;  flabellum  very  large.  .  Limttelis  gouidti  Baiid  1862. 

A  form  widely  distributed  througli  Masstchiuetts,  New 
Hampshire.  Rbode  Island,  New  York,  IlHiiois,  and  Canada. 
It  is  very  hardy  and  will  live  for  montlts  in  aquaria. 

Fio.  icjT.    LimtmU lotiliUi.    .1.  lieidoliule,di>iulrte«.    X  >i: 
B,  ahapt  ol  shell.    X  ;.    (Afca  Fackuil.J 

6  (55)    Length,  4.3  mm.;  front  of  male's  head  very  broad;  antenna  ao-seg- 

mented LimnelU  gracilicornis  Packard  1871, 

This  spedes  was  described  by  Packard  from  spedmecs  collected 
at  Waco,  Texas. 

Fia.  1018.    UmtuUi  imcilictrmu.     Head  of  male,  darail  view.     X  tS. 
(After  Packard.) 

57  (54)    Shell  suboval 58 

58  (59)    Length,  4  mm.;  front  of  male's  head  broad  and  square;  second  an- 

A  B       tenna  14-  and    17-segmented;    flabellum  very  narrow. 

LimneHs  mucronatus  Packard  1875. 
This  species  has  been  reported  from  Montana  and  Kaims. 
It  is  easily  recognized  by  the  mucroiiate,  tridentate  front. 


<~3 


o 


Fio.  lojo-    Limmlij mmcrimabu.    A,)tetici 

B,  ikipe  ol  diell.    X  4.    (After  Packard.) 


59  (58)    Length,  4  (to  6)  mm.;    front  of  male's  head  rather  broad;  second 
A  B        antenna  29-segmented;  flabellum  short  and  broad. 

Limnelis  brerifrons  Packard  1877. 
Thi*  Is  the  largest  known  spedes  of  this  graua  in  North 


It  has  been  observed  only  at 


.    (After  Fukard.} 
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fio  (53)  First  and  second  post-cephalic  limbs  prehensile  in  the  male;  carapace 
distinctly  bivalve,  enclosing  bead,  with  concentric  growth 
lines  around  a  more  or  less  prominent  umbo. 

Family  LniNADnDAE  .   .   61 

61  (66)    With  pediculated  dorsal  organ  on  front  of  head 62 

6z  (63)  Shell  broad  oval,  much  Battened,  subtriangular,  with  about  18  lines 
of  growth;  Sagella  of  second  antenna  u-  to  13-segmeDted; 

18  to  33  pairs  of  limbs. Limnadta. 

Only  one  spedes Limnadia  afnericaita  iioiae  iSj  s. 

ThU  spedes  was  deacribol  (rum  Bpedmeos  collected 
at  Lynn,  Massachusetts. 

Another  possible  spedes,  Ltmnadia  coriacta  Halde- 
msD,  was  collected  si  Cindiuisti  and  in  ditches  slong 
the  Susquehsnna  river,  but  it  has  not  been  suSdently 
describe  so  that  its  relationships  can  be  determined. 
See  Packard  (i88j,  pp.  313,  314^ 


63  (63)    Shell  narrow-ovate,  rather  prominent  behind  the  umbones  with  4  to 

S  lines  of  growth;   flagella  of  second  antennae  9-  to  lo-seg- 
mented;  18  pairs  of  limbs Eulimnadia  .    .  64 

64  (65)     Shell  narrow-ovate,  with  4  lines  of  growth;   telson  with  11  pairs  of 

dorsal  spinules  not  including  the  terminal  spine. 

Eulimnadia  agoisitii  Packard  1874. 


the  JBixe  dorsal  organ  projecting  above  the  eye.  The 
valves  of  the  carapace  are  whitish  and  very  trans- 
parent.   Thdc  shape  is  regulariy  oval. 


65  (64)     Shell  narrower  than  that  of  Eulimnadia  agassitii,  with  5  lines  of  growth ; 
telson  with  16  fine  teeth  above. 

Eulimnadia  texana  Packard  iSyr, 

Tlie  valves  ol  the  carapace  are  whitish  and 
roanded  oval  in  shape. 

This  q>edes  has  been  collected  in  Kaiuu. 
Nebraska,  and  Texas.     It  it 


66  (61)  Shell  oval,  more  or  less  globose,  with  18  to  as  lines  of  growth,  amber 
colored;  no  pediculated  doisal-organ  on  front  of  head; 
flagella  of  second  antennae  ii*  to  i7-s^;mented;  34  to  38 
pairs  of  limbs Eslhena  .   .  67 
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67  (70)    Umbones  one-sixth  length  of  shell  from  anterior  end fiS 

68  (69)    Shell  large  (16  mm.  long),  fiat;  umbones  snjall;  flagelta  of  second 

antenna  13-  and  is-segmented. 

Estheria  calijomka  Packard  1874. 

Tbus  iti  tbU  spedes  has  been  collected  >t  two 
localities  in  CBlifomii.  The  anull  size  of  ^e  umtxme* 
ii  cenuvkable.     Length  of  ahHI,   16  mm.;   height, 

to  nun.;  breadth,  4  nun. 

Fro.  1044.    Bukeria  utilonuca.    SheEl.  aide  view.    X  S- 


69  (68)    Like  Estheria  calUomica  but  umbones  more  prominent  and  dorsal 
edge  of  shell  sbping  down  to  posterior  end. 

Estheria  newcombii  Baiid  1866. 

Foaably  the  aame  as  the  last  spedes  but  as  Padcatd's  and 
Baird's  figures  appear  to  diEter  somewhat  the  two  are  separated. 
It  U  iound  only  in  California. 

Fio.iim.    EsilKria  arwamiii.    Sbdl.iide  view.  X  i.    (AftetBdrd.) 

70  (67)     Umbones  more  than  one-sixth  length  of  shell  from  anterior  end.    .    71 

71  (7a)    Shell  long  and  narrow;  umbones' small,  one-fifth  length  of  shell  from 

anterior  end;  telson  armed  with  small  hne  teeth;  hands  of 
male  short  and  thick;  flagella  of  second  antenna  15-  and 
i4'-segmeiited.  .   .   .  Estheria  compkximanus  Packard  1877. 


Packard  reported  this  spedes  from  two  locilitiet  In 
Kansas  and  more  recently  Richard  discovered  it  iii  ■ 
collection  (mm  Lower  C^lamia.  Length  di  sbdt, 
II  mm.;  height,  s.5  mm. 


72(71)    Shell  more  or  less  swollen  or  globose;  umbone;  prominent.   .   .  •   73 

73  (74)     Shell  globose,  wider  than  high;    umbones  prominent  and  oblique 
one-fourth  length  of  shell  from  anterior  end,  lines  of  growth 

not  sharply  marked Estheria  digueti  Richard  1895. 

Deaciibed  from  Lower  Califonua.. 

74(73)     Linesof  growth  well  marked;  shell  not  wider  than  high 75 

75(78)    Flagella  of  second  antennae  15- and  i4-segmented 76 

76  (77)     Shell  globose  with  34  lines  of  growth;  umbones  large  and  prominent, 
two-fifths  length  of  shell  from  anterior  end. 

^  Estheria  bdjragei  Packard  187 1. 


.    Eilkiriaba/raia.    SbeB,  aide  view.    X  4-    CAIterPKkvdJ 
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Shell  globose  with  13  lines  of  growth;   uinboiies  piomiDent,  one- 
thiid  length  of  ^ell  from  (mterior  end. 

Estktria  setosa  Pearse  1913. 

Thisspedet  resembles  Eitluria  b^ragei  m  many  raptcU  but  is  «uily 
I   distinguished  by  the  smiller  ntunber  d  lines  of  growth  and  tbe  length  of 
the  dorsal  letae  at  the  anterior  edge  irf  the  tdson.    Collected  in  eutern 
Ndiraska  Irom  small  pools. 

Fio.  104!.    EsiktHa  ulcu.    Shell,  dde  vinr.    X  3. 

FUgdlaof  second  antenna  17- and  16-segmented 79 


Shell  swollen;  umbones  rather  prominent,  one-fourth  length  of  shell 
from  anterior  end;  dorsal  margin  short,  suddenly  sloping  at 
posterior  end;  telson  with  larger  teeth  interpolated  between 
the  smaller  ones Estkerio  mexicana  C]a.\a  1S60. 

A  tpecies  irf  very  wide  nnge  extending  from  Lake  WiDnipeg 
through  Kansas.  Nebraska,  Kealuck^,  Ohio,  and  New  Mexico 
into  Mexico,    It  ii  rather  variable  In  its  structure. 

Fii).is49.   BiAfUmikaM.  Shel1,>ldevk«.    X4.  (After Packsid.) 

80  (79)    Shell  somewhat  globose;  imiboaes  more  prominent  than  in  Eafktria 
mexicana,  slightly  nearer  the  anterior  end  than  in  Estkeria 

bdjragei £sM«na  morin  Packard  1871. 

South  Dakota,  Nebraska.    Fig.  1049  shows  the  ge 
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CHAPTER  XXn 
THE   WATER   FLEAS   (CLADOCERA) 

By  EDWAKD  a.  BIRGE 
Oma,  Vnharity  tj  Wlutmrm 

When  men  began  to  study  nature  by  tha  aid  of  the  microscope 
in  the  seventeenth  century  the  "insects"  were  among  the  first  ob- 
jects to  be  examined.  In  1669,  the  Dutch  phyddan,  Swammerdam, 
described  in  his  history  of  insects  the  "puiex  aquaticus  arborescens" 
—  the  water-flea  with  branching  arms.  This  was  one  of  th^ 
Cladocera,  still  called  Dapknia  puiex,  the  commonest  species  in 
shallow  pools.  These  crea,tures  he  described  and  figured,  giving  an 
account  of  their  structure  and  habits  and  speaking  of  their  sudden 
appearance  in  enormous  numbers,  and  their  equally  sudden  dis- 
appearance. So  the  Cladocera  made  their  d^but  into  science  along 
with  the  microscope. 

For  nearly  a  century  little  was  added  to  the  knowledge  of  the 
group.  In  1755,  the  German,  ScbaeSer,  gave  the  first  really  good 
account  of  their  structure.  In  1785,  O.  F.  Mueller,  the  Danish 
naturalist,  issued  the  first  general  systematic  work  upon  Entomo- 
straca.  This  described  many  of  the  species  as  we  now  know  them 
and  gave  a  firm  scientific  basis  for  further  knowledge  of  the  Clado- 
cera. In  the  rapid  advance  of  science  during  the  latter  half  of  the 
nineteenth  century  the  systematic  work  of  the  group  was  substan- 
tially done,  the  Norwegian,  G.  0.  Sars,  having  contributed  more 
than  any  other  one  man.  This  work  showed  that  the  Cladocera 
constitute  the  largest  group  of  fresh-water  Crustacea  in  number  of 
spedes;  the  most  diversified  in  size,  in  structure,  and  in  habits. 

During  the  opening  years  of  the  present  century  the  scientific 
study  of  fresh-water  life  has  advanced  rapidly  and  the  biology  of 
the  Cladocera  is  receiving  much  attention.  The  conditions  of 
variation  and  the  nature  of  the  variants  are  examined,  as  well  as 
the  conditions  of  sexual  reproduction,  the  centers  of  origin  and 
dispersal  of  species,  and  other  similar  matters. 

The  Cladocera  are  particularly  well  suited  for  study  by  those 

persons  who  are  interested  in  observing  animals  with  the  micro- 
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scope  and  who  cannot  command  the  resources  of  a  university  labo- 
ratory.   They  are  easily  collected  and  preserved  and  the  spedes 
may  be  readily  identified,  since  little  or  no  microscopic  dissection 
is  needed  to  make  out  the  specific  characters.    Many  of  the  Clado- 
cera  are  so  transparent  that  the  internal  organs  can  be  studied  in 
detaU  when  the  animal  is  viewed  f  roni  the  side  under  the  microscope. 
Many  of  the  forms  can 
readily  be  kept  alive  in 
small  aquaria,  and  their 
habits  observed.    There 
is  stili  a  great  amount  of 
work  to  be  done  in  this 
coimtry  In  finding  out 
the    local    geographical 
distribution  of  the  spe- 
cies and  the  variation  of 
the  variable  forms. 

The  suborder  is  di- 
vided into  two  sections  so 
different  that  few  state- 
ments can  be  made  of 

.1            .                                  rri.  Fro.  loss,    Daphua  tiMsispiaa,     A',  oDtnuiuLe;  A",  antenna; 

them  m  common.       Ihe  AP  Bbdoniu]  ptdccho;  .15.  ibdomliul  lette:  £,  toun  with 

mtlcganglionBndacellus;  BC,  broodcMeHithdevelopingovi; 

first,  and  bv  far  the  larger  fi.cycwiththmt/imusdeiofielHide;  fl.heutwithvenoui 

'               •'                         °  fading  on  aide  and  uit  in  frimt;  EC,  bepatic  cecum;  1,  into- 

SeCtion,    the    CalyptO-  t.™;  L.  kj.;  Krf,m.n^Me;  y.^ary;i'.<.pcBU^cm.nwilh 

'                        ^'^  Anal  spines  and  terminal  claw;  R,  roatnim  or  beak;  SG,  shell 

mera,  have  a  large,  bi-     '^'°^  (After  Su,.) 

valve  shell,  which  covers  the  body  and  legs.  The  second  section,  the 
Gymnomera,  includes  two  species  in  our  fresh  waters.  These  retain 
the  shell  only  as  a  brood  sac;  the  body  and  legs  being  free.  In  the 
account  which  follows,  the  Calyptomera  are  kept  in  mind.  The 
animals  belonging  to  this  group  range  in  size  from  about  0.2  mm. 
to  3.0  mm.,  or  even  more.  All  have  a  distinct  head,  and  a  body 
covered  by  a  fold  of  the  skin,  which  extends  backward  and  down- 
ward from  the  dorsal  side  of  the  head  and  constitutes  a  bivalve 
shell.  The  junction  of  head  and  body  is  sometimes  marked  by  a 
depression,  the  cervical  sinus  or  notch  (Figs.  1051, 1073,  1091).^ 

'  The  figures  referred  to  are  dedgrta]  to  give  the  specific  characters  rather  than 
the  anatomy,  which  is  shown  only  incidentally. 
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Iq  the  head  is  the  large  compound  eye  (Fig.  1050).  This  has  nu- 
merous or  few  lenses  (Figs.  1059, 1076, 1 169),  and  is  ca5)able  of  bdng 
rotated  by  three  muscles  on  each  side.  It  is  a  most  conspicuous 
organ,  by  its  size,  its  dark  pigment,  and  its  constant  motion  during 
life.  In  the  head  are  also  the  brain,  the  optic  ganglion,  with  its 
numerous  nerves  to  the  eye,  the  ocellus,  or  pigment  spot,  the  an- 
tennary  muscles,  and  the  anterior  part  of  the  digestive  tract.  The 
head  bears  two  pairs  of  appendages:  (i)  The  antennules  (Figs.  1051, 
1079, 1 114, 1 1 52),  which  carry  sense-rods,  the  olfactory  setae,  usually 
placed  at  the  end,  and  have  £dso  ordinarily  one  or  more  lateral  sense 
hairS;  (3)  the  antennae,  the  main  organs  of  locomotion,  large  swim- 
ming appendages,  with  a  stout  basal  joint  bearing  two  branches  or 
rami,  which,  in  turn,  carry  long  plumose  setae.  The  number  of  the 
antennary  setae  may  be  expressed  b^  a  formula  which  shows  the 
number  of  the  setae  on  each  joint  of  each  branch  of  the  antenna; 
the  numbers  for  the  dorsal  branch  occupying  the  place  of  the 
numerator  of  a  fraction.     The  formula  thus  constructed  reads 

Dapknia  (Fig.  1050),  *^'~°"^""^  ;  that  toi  Sida  (Fig.  1051),  ^^^. 
i-i  3  14 

The  antennae  are  moved  by  powerful  muscles,  which  may  occupy 
a  great  part  of  the  interior  of  the  head  (Fig.  1050).  On  the  size  of  the 
antennae,  the  length  and  number  of  the  setae,  and  on  the  size  of  the 
muscles  operating  them,  depends  the  type  of  locomotion.  Latona 
(Fig.  1052)  leaps  suddenly  from  point  to  point  by  single  powerful 
strokes  of  its  broad  antennae.  The  smaller  Daphnidae  (Fig.  1079) 
hop,  rather  than  leap,  by  more  numerous  and  less  vigorous  strokes. 
TTie  heavier  forms  of  this  family  (Fig.  1075),  with  smaller  anten- 
nae, have  a  rotating,  unsteady  motion,  produced  by  rapid  strokes. 
Drepanotkrix  (Fig.  1104),  whose  antennae  bear  saber-Uke  setae, 
scrambles  xqA  pushes  itself  about,  and  the  mud-haunting  Ilyocryptus 
(Fig.  mo)  crawls  and  pulls  itself  about  among  the  weeds,  rather 
than  swims.  The  members  of  the  large  family  of  the  Chydoridae 
have  small  antennae  and  move  them  very  rapidly;  while  their 
progress  varies  from  a  rapid  whirling-motion,  as  in  Ckydorus  (Fig,' 
1150),  to  a  slower  wavering  and  tottering  progress,  as  in  Acroperus 
(Fig.  1121).    In  the  Macrothriddae  and  Chydoridae  the  post- 
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abdomen  is  often  an  efficient  aid  to  locomotion.  It  may  push' the 
animal  along,  as  in  Ilyocryptus  (Fig.  mo)  and  Camptocerats  (Fig. 
1 1 19).  In  Dunkevedia  (Fig.  11 34)  it  is  peculiarly  effective;  broad 
and  stout,  covered  with  numerous  small  ^ines  and  setae,  and  by  its 
aid  the  animal  may  execute  sudden  and  vigorous  jumps. 

The  head  also  bears  the  mouth  parts:  (i)  The  mandibles  (Figs. 
1050,  1068,  1099,  and  others);  stout,  strongly  chitinized  organs, 
made  in  one  piece  and  without  a  palpus.  Their  opposing  faces  are 
toothed  and  ridged  and  they  grind  the  food  very  perfectly.  (2)  The 
maxillae,  a  pair  of  very  minute  organs,  lying  concealed  on  the  ven- 
tral surface  of  the  body,  just  behind  the  mandibles.  Each  is  a 
small,  pointed  structure,  bearing  several  curved  setae.  They  work 
like  a  pair  of  hands  to  push  the  food  between  the  mandibles.  (3) 
The  labrum,  an  unpaired  structure,  attached  to  the  rear  of  the 
head  uid  closing  the  mouth  from  below.  In  many  of  the  Mac- 
rothriddae  and  Chydoridae  this  structure  bears  a  keel  or  projectioQ 
which  is  of  systematic  value  (Figs.  1051,  1060,  1106,  1135). 

The  axis  of  the  head  may  continue  that  of  the  body  (extended.  Fig. 
1100),  or  it  may  be  bent  downward  (depressed,  Fig.  1087).  That 
part  in  front  of  the  eye  is  known  as  the  vertex.  There  is  usually  a 
sort  of  beak  in  front  of,  or  between,  the  antennules,  which  is  known 
as  the  rostrum,  whose  size  and  shape  have  systematic  value.  There 
is  commonly  a  ridge  above  the  insertion  of  the  antenna,  which  hel|S 
to  stiffen  the  side  of  the  head  and  to  support  the  pull  of  the  anten- 
nary  muscles.  This  is  the  fornix,  whose  shape  and  extent  may  form 
an  important  systematic  character  (Figs.  1063,  1083). 

The  shell,  though  called  bivalve,  is  really  in  one  piece,  bent  alimg 
the  back,  but  never  showing  a  division  or  joint  at  this  pl&ce.  It 
has  very  different  forms,  as  seen  from  the  side,  nearly  square,  oval, 
or  round.  It  may  be  marked  in  the  most  various  fashions.  It 
may  bear  hairs,  or  spines,  along  the  ventral  edge.  There  may  be 
a  single  spine  on  the  dorsal  side,  prolonging  the  junction  of  the 
valves,  as  in  Daphnia,  or  each  valve  may  have  one  or  more  spaitA 
at  the  lower  posterior  part,  the  infero-posteal  angle  (Fig.  1076). 
This  angle  in  the  Chydoridae  may  be  acute  or  rounded,  smooth  or 
toothed,  and  its  characters  are  of  systematic  value.  The  shell  is 
always  a  dupUcature  of  the  skin.     Its  inner  wall  is  far  more 
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delicate  than  the  outer,  and  between  the  walls  the  blood  circulates 
and  the  Inner  surface  serves  as  a  respiratory  organ. 

Just  back  of  the  head,  on  the  dorsal  side,  lies  the  heart,  an  oval 
or  elongated  sac  (Figs.  1050, 1051, 10S9),  whose  rapid  pulsations  are 
eaaly  seen  in  the  living  animal.  It  receives  the  colorless  or  yellow 
blood  by  one  opening  on  each  side  and  expels  it  in  front.  Here  are 
no  blood  vessels,  but  the  drculation  passes  along  definite  courses 
through  a  complex  series  of  passages  all  over  the  body.  The 
movements  of  the  blood  corpuscles  may  be  readily  seen  in  trans- 
parent Cladocera. 

Respiration  is  not  served  by  any  dngle  organ.  The  legs  and 
the  inside  of  the  valves  are  the  main  surfaces  for  the  exchange  of 
gases. 

In  the  anterior  part  of  the  valves  lies  an  organ  whose  structure 
is  not  readily  made  out.  This  is  the  shell  gland  (Figs.  1050,  1051, 
1056),  a  flattened  glandular  tube  in  several  loops,  which  probably 
serves  the  function  of  a  kidney. 

The  body  lies  free  within  the  valves  and  is  divided  into  the  main 
portion,  bearing  the  feet,  which  is  not  plainly  s^mented,  and  a 
single  unjointed  pordon,  the  post-abdomen.  Through  it  runs  the 
intestine,  and  along  the  sides  of  the  body  lie  the  simple  reproduc- 
tive organs.  To  the  ventral  side  are  attached  the  feet,  ordinarily 
five  pairs,  sometimes  six.  These  are  mainly  leaf-like  structures, 
each  with  several  parts,  bearing  numerous  hairs  and  long  setae  (Hgs. 
1050,  1 142).  Their  structure  is  too  complex  to  describe  here.  In 
the  first  two  families  all  the  feet  are  similar  and  foliaceous.  Their 
use  is  to  create  a  current  of  water  through  the  valves,  bringing 
in  oxygen  for  respiration  and  particles  of  food.  The  latter  consists 
chiefly  of  algae,  thou^  nothing  edible  is  rejected  that  the  current 
brings  in.  The  food  particles  coUect  below  the  body  between  the 
bases  of  the  feet  and  are  fed  forward  into  the  mouth.  The  maxillae 
push  them  between  the  jaws  as  the  labrum  opens,  the  mandibles 
grind  them  up,  and  they  pass  on  into  the  esophagus.  Cladocera 
are  normally  eating  all  of  the  time. 

In  the  Daphnidae  and  remaining  families  the  feet  differ  in  struc- 
ture; the  first  pairs  being  more  or  less  prehensile  and  having  other 
functions  besides  the  main  one  of  drawing  in  water.    Iliese  animals 


.dbyCoogIc 


THE  WATER  FLEAS  (CLADOCERA)  68 1 

live  chiefly  among  the  weeds,  and  the  hooks  and  spines  of  the  first 
foot  aid  them  in  clinging  to  plants  and  also  may  help  to  pull  off 
attached  algae,  etc.,  for  food. 

In  the  more  tran^arent  species  the  digestive  tract  may  be  seen 
throughout  its  full  extent.  The  narrow  esophagus  (Figs.  1050, 1051, 
1096)  widens  suddenly  into  the  stomach,  which  lies  in  the  head  and 
whose  posterior  end  passes  insensibly  into  the  intestine.  Attached 
to  the  stomach  in  many  ^>edes  are  two  sacs,  often  long  and  curved 
(Figs.  1050,  1053,  1060,  1064,  1 100).  These  are  the  hepatic  ceca, 
which  no  doubt  function  as  a  digestive  ^and.  The  stomach  and 
intestine  have  a  muscular  wall  and  a  lining  of  dark-colored,  glandu- 
lar cells.  The  cavity  is  ordinarily  filled  with  food.  The  intestine 
has  a  direct  course  in  the  first  four  families.  In  the  Macrothriddae 
it  is  sometimes  direct  (Fig.  1106),  and  sometimes  convoluted  (Figs. 
HOC,  1 103).  In  the  Chydoridae  it  is  always  convoluted  and  there 
is  often  a  cecum  attached  to  the  ventrai  dde  near  the  posterior  end 
(Figs.  1121, 1141)-  The  terminal  part  of  the  intestine,  the  rectum, 
is  dways  tranqxtrent  and  the  muscles  which  open  and  close  it  c^n 
easily  be  seen.  The  anus  lies  either  at  or  near  the  end  of  the  post- 
abdomen,  as  is  usually  the  case  in  the  first  five  families,  or  in  the 
Chydoridae  and  in  some  fmms  of  the  other  families  (Figs.  10S9, 
1091,  iioo,  1109),  on  the  dorsal  side. 

The  post-abdomen  is  ordinarily  jointed  to  the  body  and  is  bent 
forward;  hence  its  dorsal  side  may  come  to  be  the  lower  one.  On 
the  dorsal  side  it  bears  two  sensory  hairs,  often  very  long  (Hg.  1090) , 
the  abdominal  setae.  At  the  end  of  the  post-abdomen  are  two  ter- 
minal claws,  which,  in  turn,  may  have  Epines  at  their  base,  the  basal 
Epines  (Figs.  1123,  1144),  or,  when  numerous,  the  pecten  (Fig. 
1066),  and  the  concave  side  may  also  have  a  row  of  very  fine  spinules 
(denticulate).  The  post-abdomen  almost  always  has  more  or  fewer 
spines,  or  teeth,  the  anal  spines.  In  the  Chydoridae  there  are  fre- 
quently two  rows  on  each  side  behind  the  anus,  the  marginal  and 
hteral  denticles  (Fig.  1147).  These  sfnnes  and  teeth  may  have  the 
most  diverse  shape  and  structure  (squamae,  fascicles,  etc.),  and  fur- 
nish important  systematic  characters.  Their  main  use  seems  to  be 
to  comb  the  legs  and  keep  them  clean  and  free  from  foreign  matters 
and  from  parables  which  might  otherwise  readily  attach  themselves. 
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Little  Study  has  been  given  to  the  senses  of  the  Cladocera,  except 
that  of  sight.  As  special  organs  of  touch  there  are  the  abdomiiui 
setae,  wliich  are  sometimes  very  long  (Fig.  1090) ;  sensory  hairs  on  the 
basal  joint  of  the  antenna  near  the  body  (Fig.  1075),  or  near  the  apex 
(Figs.  1051,1053, 1089);  the  lateral  sense  hair  of  the  antennule  (Figs. 
rcSg,  1117,  1154);  the  flagellum  on  the  antennule  of  the  Sididae 
(Figs.  1051-1057),  which  is  often  fringed  with  fine  hairs;  and  the 
frontal  sense  hair  of  Bosmina  (Fig.  1096).  Any  of  the  innumerable 
hairs  and  setae  may  also  serve  this  sense,  though  not  specially  modi- 
fied for  that  purpose.  There  is  no  auditory  organ.  Whether  the 
olfactory  setae  really  give  sensations  of  smell  and  taste  is  doubtful, 
although  the  structure  of  the  sense  rods  is  such  that  they  may  well 
serve  a  chemical  sense.  They  lie  at  the  entrance  of  the  valves  in 
the  auirent  of  water  which  is  coming  in  under  the  impulses  of  the 
feet,  and  may  take  cognizance  of  the  particles  of  food,  etc.,  n^iich 
come  along  with  the  water.  The  Cladocera  are  certainly  able  to 
discriminate  between  different  kinds  of  particles  brought  in  by  the 
legs,  eating  some  and  rejecting  others.  They  have  decided  tastes 
in  the  matter  of  diet,  preferring  some  forms  of  algae  to  others.  In 
general,  the  diatoms  are  eaten  in  preference  to  the  blue-green  algae. 
In  the  selection  of  food,  the  Cladocera  arc  aided  also  by  sensations 
which  arise  in  the  mouth,  since  they  may  reject  particles  which 
have  been  brought  into  the  mouth  and  partially  chewed. 

The  eye  is  obviously  the  visual  organ.  It  is  sensitive  to  light  and 
can  no  doubt  distinguish  objects  by  the  shadows  which  they  pro- 
duce, although  its  lenses  are  by  no  means  numerous  enough,  or 
perfect  enough,  to  give  sensations  of  form.  The  constant  motions 
of  the  eye  are  for  the  purpose  of  moving  the  lenses  so  that  they  will 
cover  the  entire  field  of  vision,  and  the  am'mal  no  doubt  directs  its 
movements  by  sensations  which  it  receives  through  the  eye.  The 
Cladocera  respond  differently  to  light  of  different  intensities  and 
various  colors.  Most  of  them  react  positively  to  a  weak  light  and 
negatively  to  a  strong  one.  There  is,  however,  much  difference  in 
this  respect.  Drepanoihrix,  for  example,  is  vigorously  repelled  by 
the  light  of  a  lamp,  which  will  attract  all  the  other  Cladocera  io 
the  vessel  with  it.  Newly  batched  Cladocera  are  attracted  by  light 
which  will  repel  older  forms.     On  a  bright,  calm  day  a  few  inches 
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of  water  at  the  surface  of  a  lake  may  be  deserted  by  the  Clado- 
cera.  A  little  deeper  may  be  found  young  fonns,  and  still  deeper, 
perhaps  one  or  two  meters  below  the  surface,  the  adult  animals. 
The  temperature  of  the  water  also  has  much  influence  on  the  reac- 
tion to  Ught.  In  cold  water  Cladocera  are  attracted  by  a  light 
which  will  repel  them  at  higher  temperatures.  The  limnetic  forms 
of  Dapknia  pulex  ordinarily  remain  during  the  daytime  in  the  cool 
water  immediately  beneath  the  thermocline,  though  they  may  rise 
into  the  warm  water  during  the  night  In  the  winter,  when  the  lake 
is  skimmed  with  ice,  the  same  animals  may  be  seen  in  the  bright 
sunshine  immediately  below  the  ice.  Practically  all  of  the  Cladocera 
react  negatively  to  the  blue  rays  of  the  spectrum,  are  nearly  un- 
influenced by  the  rays  at  the  red  end,  and  find  the  yellow  rays  the 
most  attractive. 

The  ocellus  is  rarely  absent  {Diaphanosoma,  Dapknia  relrocurva, 
lottgiremfs);  sometimes  rudimmtary  (many  forms  of  Daphnia); 
sometimes  larger  than  the  eye  {Leydigia,  Dadaya) ;  and  rarely  the 
sole  organ  sensitive  to  Ught  (Monospilus).  It  is  not  known  in  what 
respects  its  function  differs  from  that  of  the  eye. 

This  imperfect  sketch  shows  how  complex  the  structure  of  the 
Cladocera  is,  —  wonderfully  complex,  when  their  small  size  is  con- 
sidered. The  smallest  of  them  are  hardly  more  than  one  one- 
hundredth  of  an  inch  in  length.  Yet  these  have  ten  complicated 
legs,  besides  the  numerous  other  structures  named  and  many  which 
have  not  been  mentioned.  Probably  no  other  animals  of  so  small 
size  have  so  complex  a  structure,  yet  they  must  suffer  the  disgrace 
of  being  eaten  by  Slentor  and  so  being  among  the  few  Metazoa 
which  are  swallowed  whole  by  one-celled  animals. 

The  reproduction  of  the  Cladocera  is  noteworthy.  During  the 
open  season  the  females  produce  eggs  which  develop  without  being 
fertihzed.  These  may  number  only  two,  the  usual  number  in  the 
Chydoridae,  or,  in  the  lai^er  Daphnidae,  there  may  be  more  than 
twenty.  These  eggs  are  deposited  in  the  cavity  bounded  by  the 
dorsal  part  of  the  valves  and  the  upper  side  of  the  body  —  the 
brood  case.  Here  they  develop  and  hatch  in  a  form  quite  like 
that  of  the  parent  and  are  well  grown  before  they  are  set  free. 
Hence  there  are  no  free-living  larval  forms  of  Cladocera,  such  as 
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are  so  abuadaat  in  tbe  Copepoda.  The  youDg  are  nourished  in  the 
brood-cavity,  not  only  by  the  yolk  of  the  egg.  but  also  by  a  secretiol 
from  the  dorsal  wall  of  the  sac.  Tbe  brood  case  may  be  closed 
behind  by  extensions  of  tbe  body  —  the  abdominal  processes  — 
which  have  some  systematic  importance.  This  parthenogenesb 
goes  OD  regularly  through  tbe  favorable  season  for  growth,  closing 
when  the  pools  b^n  to  dry  or  other  imfavorable  conditions  arise. 
Several  successive  broods  of  females  are  ordinarily  produced  in  this 
way,  although  in  Moina,  which  lives  in  tempwary  pools,  the  second 
generation  may  be  sexual.  Sooner  or  later  true  females  and  males 
are  hatched  from  the  eggs.  These  females  produce  one  or  two  eggs, 
large  and  opaque,  with  abundant  yolk  and  thick  shell,  and  which 
must  be  fertilized  by  the  male  before  developing.  These  eggs  pass 
into  tbe  brood  sac,  whose  walls  have  usually  acquired  a  peculiar 
structure.  In  the  Cbydorinae  {Fig.  1159)  they  are  merely  thick- 
ened and  darkened.  In  the  Daphnidae  (Figs.  1073,  1079,  1093), 
a  semi-elliptical  portion  of  the  dorsal  region  of  each  valve  becomes 
greatly  altered  to  form  the  ephippium,  so  called  from  its  resem- 
blance to  a  saddle.  In  the  Chydorinae  the  sexual  egg  is  deposited 
in  the  brood  sac  and  the  whole  shell  is  then  molted ;  the  egg  remain- 
ing enclosed  in  it.  Where  the  ephippium  is  developed,  this  separates 
during  the  molt  from  tbe  rest  of  the  shell  and  doses  about  the  one 
or  two  eggs  deposited  in  it.  In  either  case  the  eggs  lie  over  to  the 
next  favorable  season  before  they  develop. 

This  process  of  sexual  reproduction  occurs  at  different  times  in 
various  species.  Like  the  blossoming  of  flowers,  it  cannot  always 
be  directiy  correlated  with  any  definite  conditions  of  food  or  tem- 
perature. In  those  species  which  live  in  the  open  waters  of  lakes, 
sexual  reproduction  is  often  greatly  reduced  or  wholly  absent  and 
the  species  is  carried  on  from  year  to  year  by  asexual  generations. 
In  many  spedes  the  males  are  very  rarely  seen  and  in  none  are  they 
abundant. 

The  males  are  smaller  than  the  females  and  usually  of  similar  form. 
TTiey  are  distinguished  by  larger  antennules;  the  post-abdomen  is 
usually  somewhat  modified  (Fig.  1144);  the  first  foot  is  frequently 
aimed  with  a  stout  hook  which  serves  to  clasp  the  females.  In  Moina 
this  function  is  performed  by  the  very  large  antennules  (Fig.  1092). 
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Little  is  known  regarding  the  length  oi  h'fe  of  the  individual 
Cladocera.  It  doubtless  varies  from  a  few  weeks  to  several  months. 
Umnetic  forms  probably  have  a  longer  life  than  the  littoral,  as  the 
food  supply  and  other  conditions  of  life  are  more  constant.  Individ- 
uals from  the  broods  of  Dapknia  Umgispina  (Jtyalina)  which  are  bom 
late  in  October  and  in  November  may  survive  through  the  winter 
and  produce  one  or  more  broods  of  young  in  the  spring.  The  last 
survivors  die  in  June,  weakened  by  old  age  and  attacked  by  par- 
astic  fungi.  This  is  probably  about  the  maximum  length  of 
Me. 

The  Cladocera  are  found  in  all  sorts  of  fresh  waters.  Lakes  and 
ponds  contain  a  much  larger  number  of  forms  than  do  rivers. 
The  shallow,  weedy  backwaters  of  a  lake  whose  level  is  fairly 
permanent  harbor  a  greater  variety  of  species  than  does  any  other 
kind  of  locality.  Here  are  found  almost  all  of  the  Chydoridae  and 
Macrothriddae,  as  well  as  most  of  the  representatives  of  the  other 
families.  In  such  localities  are  found  the  best  conditions  for  the 
life  of  these  animals:  warmth,  shelter  from  enemies,  and  abundant 
food.  It  must  not  be  supposed,  however,  that  each  square  rod  of 
such  waters  harbors  a  like  population.  On  the  contrary,  anyone 
who  collects  frequently  in  one  lake  will  come  to  know  certain  places 
as  especially  favorable  to  these  creatures,  which  are  present  in 
greater  number  and  variety  than  in  places  apparently  quite  simi- 
lar and  closely  adjacent.  While  by  far  the  greater  number  of 
species  belong  to  the  littoral  region,  living  among  the  weeds  and 
feeding  on  algae  and  similar  organisms,  a  few  species  live  near  the 
bottom.  Several  species  are  commonly  found  in  or  near  the  mud, 
although  not  specially  adapted  to  a  life  in  the  mud;  such  are 
AUmA  quadranguiaris  and  Drepanotkrix.  The  genera  Ilyocryptus  and 
MonospUus  live  regularly  on  the  bottom;  their  structure  is  adjusted 
to  a  life  in  the  mud  and  thdr  shells  are  often  overgrown  by  algae. 
These  forms  may  and  do  swim,  but  more  often  scramble  about  on 
the  bottom,  pulling  with  their  antennae  and  pushing  with  the  post- 
abdomen.  In  both  forms  the  old  shell  is  not  cast  off  in  molting, 
the  new  and  larger  shell  appearing  beneath  it  (Figs,  iiio,  1168). 

The  spedes  of  Moina  are  found  most  commonly  in  muddy  pools, 
such  as  those  in  brick-yards,  though  not  conEned  to  such  waters. 
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With  them  are  frequently  associated  members  of  the  Daphnia 
puUx  group.  These  last  are  also  found  in  temporary  pools  of  clear 
and  weedy  water,  and,  less  frequently,  in  lakes.  Dapknia  magna 
in  Europe  is  found  in  waters  which  are  slightly  brackish  and  very 
possibly  does  not  disdain  slightly  alkaline  waters  in  this  country. 

The  limnetic  region  of  the  inland  lakes  has  a  ckdoceran  popula- 
tion, large  in  number  of  individuals  but  not  rich  in  ^>ecie3.  Chy- 
dortts  sphaerkus  is  almost  the  only  Chydorid  which  is  ever  abun- 
dant here,  though  any  species  may  be  present  as  an  acddental 
victor.  The  regularly  limnetic  species  belong  chiefly  to  the  genera 
Bosmina,  Dtapkanosoma,  Daphnia,  and  Bolopedium.  These  forms 
are  transparent  —  an  obviously  protective  character.  Chydorus 
is  an  exception  and  the  size  of  this  species  is  so  small  that  trans- 
parency may  be  unnecessary.  Apart  from  transparency  and  a 
general  lightness  of  build,  the  limnetic  forms  have  generally  no 
peculiar  characters.  Bolopedium  forms  a  marked  exception  to 
this  statement,  as  its  globular  gelatinous  case  is  wholly  unique  in 
the  group  and  indeed  in*  the  Crustacea. 

Certain  forms  are  intermediate  in  character  between  the  limnetic 
and  the  littoral  forms.  Such  is  Ophryoxus  gracilis  (Fig.  iioo), 
which  paddles  about  in  the  open  waters  between  weeds,  and  such 
also  is  Sida  crystaUina  (Fig.  1051).  Both  of  these  forms  are  trans- 
parent, but  they  are  never  present  in  large  numbers  in  the  open 
water,  nor  are  they  likely  to  be  found  far  out  from  the  weedy 
margin. 

In  southern  waters,  where  are  found  masses  of  floating  plants 
such  as  the  water  hyacinth,  the  distinction  between  the  littora 
and  linmetic  species  quite  disappears. 

The  Gymnomera  differ  widely  in  structure  and  habits  from  the 
Calyptomera.  The  section  includes  two  q>ede3  in  our  fresh 
waters:  Polyphemus  pediculas  (Fig.  1169),  and  Leplodora  kindtii 
(Fig.  1170).  In  both  forms  the  shell  is  reduced  to  an  egg  case  and 
the  feet  are  free,  jointed,  and  provided  with  stout  spines  and  hairs. 
In  Leptodora  the  body  is  long  and  jointed,  while  in  Polyphemus  it 
is  very  short.  Both  animals  are  predacious,  feeding  on  protozoa, 
rotifers,  and  minute  Crustacea.  Polyphemus  lives  chiefly  in  marshes 
and  in  the  weedy  margins  of  ponds  and  lakes,  but  may  also  be 
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found  in  the  limnetic  region  and  in  the  Great  I<akes.  Leptodora 
is  alwaj's  limnetic  in  its  habits.  It  is  almost  perfectly  transparent; 
the  dark  eye  and  yellow  stomach  alone  being  visible  when  the  animal 
is  viewed  by  transmitted  light.  It  is  by  far  the  largest  of  the 
Cladocera,  reaching  a  length  of  18  mm.  Its  winter  eggs  hatch  as 
nauplii  and  this  is  the  only  ^>edes  of  Cladocera  in  which  this 
characteristic  crustacean  larva  appears. 

The  Cladocera  have  great  economic  value.  Together  with  the 
Copepoda  they  constitute  the  chief  agency  for  converting  the 
snuUer  algae  of  fresh  water  into  a  form  edible  by  the  carnivorous 
aquatic  animals.  They  are  the  prey  of  insect  larvae,  which  are  in 
turn  an  important  item  in  the  bill  of  fare  of  the  larger  fishes.  Clado- 
cera are  themselves  of  great  value  as  food  for  young  fishes  and  there 
is  a  period  in  the  life  of  almost  every  fish  when  it  feeds  exclusively 
on  Entomostraca.  Even  the  larger  fishes  do  not  disdain  these 
animals.  The  great  spoonbill  {Polyodon)  fills  its  stomach  with 
Bosminae,  or  other  tiny  inhabitants  of  the  water  from  which  it 
strains  its  food. 

The  ge<^raphical  distribution  of  Cladocera  offers  little  of  interest 
that  can  be  stated  in  a  brief  sketch,  chiefly  because  the  species  are 
so  widely  distributed.  Some  species,  like  Chydorus  sphaericus,  are 
cosmopolitan.  A  majority  of  the  species  found  in  this  coimtry  are 
found  also  in  Europe.  Where  a  species  is  peculiar  to  this  region 
it  is  often  but  slightly  different  from  the  European  form.  The 
student  of  Cladocera  should  presume  that  any  species  is  probably 
intercontinental,  though  it  may  prove  to  be  more  restricted  in  its 
range.  The  study  of  our  forms  has  not  gone  far  enough  to  enable 
us  to  speak  of  the  local  distribution  of  each  species  within  the 
general  area  which  it  covers,  but  it  is  known  that  the  rare  species 
are  very  irregularly  distributed.  On  the  whole,  the  fauna  of  the 
various  regions  of  the  country  is  strikingly  similar,  but  with  some 
forms  peculiar  to  each  region.  The  southern  states  contain  mmier- 
ous  species  which  are  common  to  them  and  to  South  America, 
but  are  not  foimd  in  the  northern  states. ' 

The  student  of  Cladocera  will  find  the  cone  net  (p.  68)  the  best 
agent  for  collecting  the  littoral  forms.  The  catch  should  be  put 
into  a  cup,  which'should  be  filled  with  water,  and  the  debris  allowed 
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to  settle  before  pouring  off  the  water  and  the  Crustacea  through  the 
funnel.  As  little  as  pos^ble  of  the  weed  and  debris  should  be  in- 
cluded in  the  catch,  since  it  is  a  wearisome  task  to  search  for  the 
various  species  in  a  catch  which  contains  great  masses  of  weed  with 
but  few  Crustacea.  It  is  well  to  retain  a  part  of  the  weed  in  a 
separate  bottle,  so  that  species  which  go  to  the  bottom  may  not 
be  overlooked.  It  is  also  well  to  cover  the  cup  with  one's  hat,  or 
otherwise,  while  the  debris  is  settling  so  that  species  which  fly  from 
the  light  may  not  go  into  the  weed  at  the  bottom.  Numerous  hauls 
of  the  net  should  be  made  and  concentrated  so  as  to  give  abundant 
material.  Considerable  experience  with  collections  sent  me  by 
students  of  Cladocera  has  shown  me  that  the  chief  faults  of  the 
collector  are  including  too  much  debris  in  the^catch  and  taking 
too  few  hauls  of  the  dredge. 

The  best  preservative  I  have  found  to  be  strong,  95  per  cent, 
alcohol.  This  keeps  the  shape  of  the  species  as  well  as  or  better 
than  anything  else.  Certain  soft-bodied  forms  with  strong  muscles 
may  be  distorted  by  any  fluid  which  kills  and  hardens  quickly. 
Such  are  Pseudostda,  Latona,  and  Lalonopsis,  and,  to  a  less  degree, 
Moina  and  Diaphanosoma.  For  these  also  we  have  nothing  better 
for  field  use  than  alcohol.  If  their  forms  are  to  be  well  preserved 
they  should  be  killed  individually  by  some  poison  like  osmic  add, 
or  chloral  hydrate,  and  then  hardened  gradually,  according  to  regu- 
lar microscopic  methods.     Formalin  distorts  many  species. 

I  have  found  no  better  mounting  fluid  than  pure  glycerine.  I 
place  the  animal  with  a  small  drop  of  glycerine  in  the  center  of  the 
slide  and  support  the  cover  glass  by  three  bits  of  paper  thick  enough 
to  permit  the  cover  to  press  slightly  on  the  specimen.  The  cover 
glass  is  put  on  carefully  so  that  the  glycerine  occupies  its  center 
only.  A  bit  of  soft  paraffin  (melting  point  about  50°  C.)  is  placed  at 
the  edge  of  the  cover  glass,  and,  on  warming  the  slide,  the  paraf- 
fin melts  and  runs  in,  sealing  the  mount.  The  cover  may  after- 
wards be  cemented  down  by  any  microscopic  cement,  and  this 
should  be  done  if  the  preparation  is  to  be  kq>t;  but  for  purposes 
of  study  it  is  well  not  to  do  so,  since  an  advantage  of  the  method  is 
the  ease  with  which  the  specimen  can  be  unmounted  for  study  or 
dissection. 
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KEY  TO  NORTH  AMERICAN  FRESH-WATER  CLADOCERA 

I  (348)    Body  and  feet  covered  by  a  bivalve  shell.    Feet  in  general  foliaceous, 
not  [Mainly  jointed.    .   .   .    Section  A.  Calyptomen  .   .     2 

3  (31)    Six  pairs  of  feet,  all  similar,  except  the  last,  and  all  foliaceous. 

Tribe  I.  Ctenopoda  .   .    3 

3  (18)    Shell  of  ordinary  type.    Antenna  biramous  in  female,  rami  flattened, 

the  dorsal  with  numerous  setae,  both  lateral  and  terminal. 

Family  Sididae  Baird  .    .     4 

Read  \trgt;  cervical  sinus  nvKnt,    Antennules  large,  movable.    Anteaoae  wicb  tenninal 

Ktae  only  on  vential  ramus.     Eye  Inrge,  witli  numerous  lenses;  ocellus  small  oc  absent.     Intes- 

(jne'simple,  usually  wilh  more  or  less  distinct  median  cecum  or  eDlarEemeat  at  anterior  end; 

rarely  witb  1  hepatic  ceca.     Heart  elongated.    Male  usually  with  characteristic  aatennule; 

the  flacellum  united  with  the  base  into  one  structure,  long,  tapeiing,  with  a  row  of  fine  spinules 

toward  apex;  usually  witb  grasping  organ  on  first  foot  and  copulatory  organs  on  post-at>donieo. 


Head  with  large  gland  on  dorsal  sde;  pointed  rostrum;  no  fomlces.  Antermules  at  ? 
Attached  to  aide  of  rostrum,  short,  truncate,  with  shart  flageUum.  Ventral  ramus  of  antemiae 
»-jcinted.    Antennules  of  S  vciy  loog;  no  copulatory  organ;  first  foot  with  hook. 

Only  one  American  spedes.  .   .  Sida  ay^alUna  (O.  T.  iilUla)  ijSs. 


Fia.iosi.    sua  iryilaaima.     CUnIm  olherwiB  i«Mc»led  all  figures  were  drawn  eipMially  toe  this 

Color  yeUowi^-byaline,  sometimes  with  brilliant  blue  spots.    Length,    ?.  3.0-4.0  mm.; 
J,  1.5-1.0  mm. 
Coinmoa  in  lakes  and  porkds  amcog  weeds. 

5  (4)    Dorsal  ramus  of  antenna  s-jointed. 6 

6  (9)    With  lateral  expansion  on  basal  joint  of  dorsal  ramus  of  antenna. 

Latona  Straus  1810  .    .     7 

Large,  tongue-shaped  pcojectionon  ventral  aideof  head,  its  ventral suifaoe  concave.  Ventral 
ramus  of  antennae  j-jointed.  Long  setae  on  posterior  margiD  of  valves.  Eye  dnsal,  lat  bom 
opdc  gangUon.     S  with  copulatoiy  (ogan ;  no  hook  oa  first  foot. 
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7  (8)    Antennary  eqtanson  very  large;  no  hepatic  ceca. 

Latona  Ktijera  (O.  F.  Mtlller)  1785. 

Jry  fludlum  set  on  at  uvle.  lotAJng  Bke 
It;  old  9  often  with  bmlijuit  coIoti  in 
.    Widely  distributed,  hut  never  Abundant, 


8  (7)    Antennary  expanuon  small;  hepatic  ceca  present. 

Laiona  pamremis  Birge  1910. 
Adtainule  oi  9  <"tli  bual  part  uul  kmg  slender  fligdluin,  like  Laionopta;  of  $  very  bog, 


Fio.  1053,    Laleua  taniremit- 

g  (6)    Without  lateral  ezpansion  of  antenna 10 

10(13)    No  spines  on  post-abdomen.   .     Diapkanosoma  FiadieT  1850  .    .     11 
No  roatnun,  fotnSx,  or  ocellus.    Antennule  small,  truncated;  oUactoiy  letae  tenninal,  with 
-'— -"er  flwelluni.     Dorul  nmus  of  antennae  i-jointed;  ventral  j -jointed.      Claws  witb  3  bHtl 
I.      J  with' '-     '--  '      ■         '       -     ■ 


spines.      S  ">^  '"tiff  antennule;  copulatory  oisan;  hook  oi 
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ti  (19}    Reflexed  antenna  not  readiing  poster 


r  margin  of  valves. 

ta  brachyumm  (Lifven)  1848. 


Eye  pigment  luge;  eye  filling  end  of  head.  Color  yd- 
lowish-tranaporent.  Length.  9,0.8-0.901111.;  ^,01.0.4 
nun.  Common  in  nurehes  and  weedy  nuraini  o(  lakei. 
Very  probably  the  next  spedM  is  merdy  ■  flmnetic  VMf- 
elyof  this. 


,    Duf tdividflu  brickymnm. 


ja  (11)    Antenna  when  reflexed  reaches  or  exceeds  posterior  margin  of  valves. 
Diaphanosoma  leuchlenbergianum  Fischer 


Eye  not  filling  end  of  beul,  ptgment  imatl. 
Color  hyaline.  Length.  9,0,9-1.1111111.;  $,ta 
0.8  mm.     Conmion  in  open  waters  of  Lakes. 


H /fiif^nv^fiajwa. 


13  (10)     Spines  on  post-abdomen.  14 

14  [17)    Eye  dorsal,  far  from  insertion  of  antenniile  and  optic  ganglion.     No 

rostrum Lakmopsis  Bars  1888  .    .     15 

No  tongue-ihaped  proceia  on  ventral  side  of  bead,  or  antennaiy  exponaoa.  Otherwise  much 
Eke  Lalona  panirtmu.  Posterior  maixin  of  valves  with  very  long  setae  (often  lost).  S  '"ith 
long  anteonule,  mpulatoiy  organ,  and  hook  on  fint  foot. 

15  (16)    Shell  gland  drawn  out  into  very  long  posterior  lo<^. 
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16(15)    Shell  gEand  of  ordinary  form.  .    .  Latonopsis  fascicviala  Utiday  igo^, 

FaH-abdomen  with  uojectiona  00  donil  {posterior)  nuigin  and  1 1-14  dusten  of  3- 
diqwd  ontl  ij^toes.  Cdor  vellowuh.  Length,  9 1  to  >o  mni.;  S  •  to  i.o  a—  * 
Texm;  in  weedy  poola  and  lako- 


Fln.  lOjr.  a,  £dfHH/di/(uinfa<a,- 


Fto.  IBSS.    a,  Lalmitibfttiiaitbi;  i,  PttmiaMa  KbmUla. 


17  (14)    Eye  ventral  or  in  middle  of  head.    Rostnim  present. 

Pseudosida  Herrick  1S84. 

Only  one  Ameriain  species.     .    .     Pseudosida  bidenlata  Herrick  1884. 

Gencnl  form  like  Sida  but  bead  more  depreaacd  and  dorsum  more  arcfaed.    Rostrum  present; 

no  foniix  or  cervicsl  glands.    Antemiuks  attached  as  in  Sida,  Loqg  basal  part  with  olfactaiy 

side,  and  long  fleiible  flagellum.    Dorsal  ramus  of  anteon&e  with  3,  ventral  with  3, 


joints;  aetae  veiy 
frith  1  large  basal  sines 

S  with  ontcnnule  of  sUndaid  ft 


unequal  in  length.     Post-abdomen  with  about  14  dusters  of  sfinules;   daws 
copulatoiy  oixaos.    Complex  giaiping  apfxuatua  oa 


li-tianvnient.    Length,  9 , 1 


o  mm.;    S  >  o«  mm.    Southern 


9, 1058,  t.    r.  KJMMi.     (Afta  F<Ma. ) 
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18  (3)    Enclosed  in  gelatinous  mantle.     Antennae  simple  in  female,  cylindrical, 

with  3  tenninal  setae Family  Holofediqae  Sars. 

Animal  enclosed  in  a  large,  globular,  [ranspannt,  delicate  but  tough,  gelBtinous  cue,  opeo 
ventially  md  forming  1  valves.     Body  much  compressed,  shell  of  head  and  body  very  thin  and 
high,  aa  seen  from  side,  leaving  uncovered  the  mouth  parts,  the  ends  of  the  feet,  and  the  hind 
put  of  body.     Antennule  small,  fixed;   with  j-6  olfactoiy  setae  and  lateral  soue-hair.  but  no 
Oa^um.    Antennae  in  9  long:  basal  joint  curved,  annulated;  the  sngle  nmus  a-jctotol; 
antennae  of  S  biramous.    Post-abdomen  krgi^ 
Besiiy,  not  bent  iorward;  with  rather  long, 
curved  anal  spines  and  dusters  of  very  fine 
ifinules;  abdominal  setae  long,  aet  on  single, 
long,  conical  projection.     Claws  laree,  curved, 
denticulate,  not  set  off  from  body  by  distinct 
joint.  Eyesmali.wilhnumerouslenses;  ocellus 
small.    Intestine  simple  with  5  hepatic  ceou 
Bnochial  sac  on  second  to  fifth  l«t.     Color 

Sole  genus  with  characters  of  family. 
Holopedium  Zaiiii&chi8$$  .   .  19 

19  (ao)    Ventral  margins  of  valves 
with  fine  spines. 

Holopediitm  gibbentm  Zaddach  1855. 


Post-abdomen  elongated  (ca.  one- third 

'  ~  nh  of  body)  and  tapering;  anais[nnes 

lenius.  up  to   10.     Claws  with   i 

il  spine.     Length,  9,  i-S-i-i  mm.; 

arkable  and  beautiful  spedcs 

ikes;   bas  been  found  in  the 
3,  and  in  many  inland  waten. 


OBI 


Pica.  106a,  iD6f,  a.     Bilofedilm  tiH''™i 
,„.,., —  -'—wn).     t&Bt  al» 


fe?^^" 


Dot  ■fauinij- 


o  (19)    Ventral  margin  of  valves  smooth. 

Hohpedium  amatonkum  Stingelin  1904. 


Post-abdomen  short,  blunt  (ca. 
one-fourth  of  body  in  length),  with 
-t-g  anal  spines,  the  row  continued 


E 


Claws  without  basal  s|Hne,  Abdom- 
inal setae  very  long  and  3-jointed.  3 
unknown.  Loigth,  9.  i-omm.  Lake 
Charles,  Louisiana. 
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21  (a)     Five  or  six  pairs  of  feet.    First  and  second  pairs  more  or  less  prdien- 
sile,  others  foliaceous.  .    .    .    Tribe  II.  Anomopoda  .    .     la 


33  (76,  83)  Antennules  of  female  usually  small,  sometimes  rudimentary;  if 
large,  never  inserted  at  anterior  end  of  ventral  surfaix  of 
head.  Dorsal  ramus  of  antenna  4-jointed,  ventral  nunue 
3-jointed.     Intestine  simple  with  3  hepatic  ceca. 

Family  Dafhnidae  Straus  .    .     34 

Five  psiraof  leet.  tbe  fint  two  prebauile  and  without  braachial  lamelU;  the  fifth  with  large 

mnrved  seta,  atmding  around  branchial  lac.    Anteonules  !■  general  small  or  nidimentaiy, 

and  wbeo  brgenotal  the  antEtior  extremity  of  the  head.  '  Antennae  tong.  not  strong,  cylindrical. 

aetae"^^  ^.    Fast-abdomen  distinctly  set  o9  from  body,  usually  more  or  less  comi^eSKd, 

■Iwivo  with  anal  ifdiKs.  Abdominal  setae  not  liome  on  distinct  projection  or  papilla.  Gawa 
9  pectinate;  always  denticulate,  unless  worn  by  use;  never  with  basal  spine.  Intes- 
tine not  oonvoluted,  with  3  hepatic  ceca.  Eye  large;  ocellus  usually  small,  sometimes  want- 
ing. Summer  eggs  ordinarily  numerous;  typical  ephippium  Coimed,  containing  i  01  3  eggs. 
S  usually  with  hook  on  Gist  foot. 

24  (48)    Roetnim  present 35 

as  C39)    No  cervical  sinus.    Valves  with  polygonal,  usually  rhomboidal,  mark- 
ing, and  with  a  posterior  spine.     Crest  on  dorsal  side  of  head. 
Daphnia  O.  F.  Mflller  1785  .   .     26 

Form  oval  or  eUiptical,  except  as  modified  by  ciest  of  head  (helmet]  in  some  spedea.  Body 
always  compressed,  often  greatly  so.  Valves  reticulated;  dorsal  and  ventral  matgins  rounding 
over  toward  each  other  and  provided  with  spinules  along  posterior  part.  Rostnun  well-maiked 
in  9  and  pointed.  Antennules  small  or  rudimentary,  not  movable,  placed  bebjnd  rostrum. 
Abdominal  pcoccaaes  3-4,  all  ordinarily  developed;  the  anterior  especially  long,  tongue-shaped 
and  bent  forward,    Ephippium  with  a  eggs.    Summer  «gs  often  very  numerous. 

Head  of  t  without  rostrum;  anteanuira  large,  movable  ordinarily  with  liHig,  stout,  anterior 
seta  or  flagdlum;  Gnl  foot  with  book  and  long  flagellum. 

j6  (34)    Claws  with  pecten 37 

3^  (30)  Heavy,  thick-bodied  forms.  Fornix  and  secondary  fornix  (Fig.  1063) 
well  developed.    Distal  pecten  with  more  than  u  teeth.   .   38 

38  (29)    Antennules  large  for  genus;    post-abdomen  with  deeply  sinuate 
\  N  margin Daphnia  magna  Straus  1810. 


Fonn  rounded  or  oval,  body  thick  and  heavy,  not  tranqarent. 
,  Fosl-abdomen  long,  with  deep  indentation  behind  anus,  breaking 
through  row  of  anal  spines.  These  are  about  11  in  pronmal  and 
S-10  in  distal  set.  Claws  with  two  pectens  of  numerous  teeth. 
Ephippium  characteristic;  dorsal  margin  of  valves  separates  with 
it  both  behind  and  before;  3  eggs,  placed  obliquely.  Summer 
eggs  numerous.  Length,  ?,  to  j.omm.;j,  s.omm.ormore.  The 
largest  of  the  family.    Maine,  G>lorado,  Nebraslu,  N.  Dakota, 
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39  (38)    Rostrum  and  antennules  PuUx-Wk;     post-abdomen  tapered,  not 
sinuate Dapknia  psiUacea  (Baird)  1850. 


, „, e,  with  about  10 

anal  teeth  and  many  cliutets  of  short,  fine  hajis.  Claws  with 
two  pecteni,  the  distal  having  about  15  teeth.  Leagib,  9 .  to 
1.8mm. beskleaipiacirfo.giiui].;    f.toi.Smm.     Nebndu, 


30  (37J     Secondary  fornix  rudimentary  or  very  small.      Teeth  of  distal  pecten 
rarely  exceeding  10,  usually  fewer 31 


31  (33,  33)    Ocellus  present;  head  not  helmeted. 


jppium  with  two  tfgt 


no.  10^.  uatioi'  tula. 
D.  pulex  iodudes  a  peat  number  of 
varietur,  many  of  which  have  been  de- 
Klibed  as  diadnct  spedcs.  The  student 
wQl  be  safe  in  asngning  to  ^iilez  ail  opaque, 
heavy-bodied  forma  with  pectinate  daws. 
In  maiur  cases  the  idcntihvtion  of  the 
variety  is  more  hnportant  than  that  of  the 
qiedc*.  but  the  varieties  h&vc  not  been 
worked  out  lor  this  country.    A  few  may 

Fics.  1065, 1066.  OarMa fills,  poct-abdomea 

Var.  fiMcma  Forbes.  A  semi-traiu- 
parent  bnmelic  form,  very  cloae  to  ff^i 
but  more  slightly  built.  Long  spine. 
Common  in  lakes. 

Var.  dalhrala  Forbes.  Only  ii  anal 
spines.  Pecten  with  3-4  targe  teeth. 
YdlowitoDe, 

Var.  minneluJia  Herrick.    Slight  angle 
over  heart  in  adult  S  :  itrong  tooth  in  $ 
and  young.    Mionnota  and  elsewhere. 
Var.  abiuia  Kura,     Spine  very  short  Ot 
ibsent.    9-10  anal  naoes.    Rostrum  long  and  pranted.    Maine,  Wisconsin,  southern  states. 

Var.  cmninilrii  Eybnann.     Rostrum  very  king  and  conUnued  backward,  lymg  doae  to 
vlves.    Nebraska,  California. 
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33  (3ir  33}    Ocellus pi«sent;  head  helmeted.   .    Daphnia  arcuataFoAKa  iSf^j. 


Vtiy  truuparent.    Vcrtei  rounded,  rostrum  eztending  btA.- 
wiud  and  'ppiat  Id  marEu)  <i^  valves.  ^Slender  ^ime  firojcctinc 


from  middle  of  valves.  Anal  iiHDes  about  i . 
distal  pecten  of  >ome  6  teeth.  Lenstfa  of  $  to 
■l^iK  cd  about  O.J  mm.    Wyoming,  Wiaconain;  i 


This  apedes  ioaaa  1 


1  the  rtlfoama  f  ocmi. 


33  (3T>  3')     Ocellus  absent;  head  helmeted.  .  DapknioretrocurvatoihesiSSa. 
Body  much  compnaaed,  peltudd.     Eye  imaU,  with 

aumcroui  projectiog  leases  and  little  pJsmeut;  do  ocdlua. 
Spine  ordiosnly  above  middle  of  valves,  directed  jipward. 
Crest  ve^  variable,  often  enormous.     Clam  with  two 
ens,  the  distal  of  7-9  teeth.   Anal  qines  7-11.   Sum- 
mer eggi  ordinarily  1;  unmerimi-i  as  many  as  6.    Length, 
9 ,  to  3.0  mm.,  besides  Cfioe,  which  may  reach  0.5  mm. 
Widdydisti^uted 
in  limnetic  region  of 
lakes.  Sbapeofhesd 
atrcmely    variable; 
i  Ibims  from  var. 
tmiafs       Birge, 
where   the   crest   is 
hardly  visible,  to  the 
'  extreme  o(  extension  shown  Iqf  rtiiv- 
ama  proper.    This  spedes  replaces 
in  the  Umted  States  the  European  D. 
auuUiita,  which  is  related  to  D.  hmgi- 
^jtu,  much  as  this  form  is  to  £).  faies. 
D,  rittoatrta  never  has  the  extremely 
acuminate  form  of  bead  which  nciiUa/ii 

Very  probably  study  nltl  show  that  all  the  ^hIcz  forms  (ji,  31, 33)  must  be  united  into  oim 
polyDu>iphic  apedes. 

34  {26)    Claws  without  pecten 35 

33  (38)     Ocellus  present,  though  small. 

Dapknut  longispina  (O.  F.  MUller)  1785  .  .  36 
Spine  long;  daws  without  pecten.  Male  without  long  papilla  on  posterior  part  of  body. 
This  Kiedes  is  so  variable  that  almost  no  chaiacters  can  be  given  for  it.  It  is  less  robust  thui 
the  piMx  forma,  ordinarily  fairly  transparent;  often  hyaline.  This  part  of  the  spedes  divides 
at  once  into  1  sections  or  subspedes,  each  with  numerous  varietiea  which  have  never  been 
thofouj^  studied  in  the  United  States. 


Pro.  1068.    Chtimla 


rio.1069.    Dt^mitltH^pk*.    (S(ealM>Fi(.iojo,p.67;.) 
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36(37)    Head  not  helmeted;  eye  close  to  margin.  .  Daphnialaagispinaprnpa. 

Then  are  numerous  vuictiei  of  D.  lontisptHa  propuj  depending  on  propoitioD  of  valvea,(tc. 
Tlie  hcwl  may  be  large  or  uiudl,  iu  veotral  tiuugin  straight,  concave,  or  convex.  The  eye  may 
have  a  large  pigment  with  few  lenses  embedded  in  it,  or  it  may  be  smaller  with  oumeroiu  pro- 
Jectiog  lenses. 

FouDd  in  all  legioat  ol  the  United  Sutes. 
37  (36)    Head  helmeted  and  eye  therefore  removed  from  margin.    Usually 
more  delicate  and  transparent  than  36. 

Dapknia  longispina  var.  kyalina  Leydig  i86a 

D.  hncisfiiia  var.  kyaiiHa  vtaitt  omspfcuously  and  greatly  in  the  form  and  liae  of  the  crest 
■nd  of  the  ventral  and  dorsal  margins  o(  the  hewl,  which  may  be  concave,  convex,  or  straight 
with  any  form  of  crest.  The  crest  may  be  small  and  rounded  (var.  kyalina  lypica);  extended 
into  a  broad  scmi-elliptical  form  ((ocm  maidolat);  more  or  less  triangular,  with  an  acute  point 
in  front  (form  gaieala);  which  may  be  extended  into  a  short  spine.  An  indefinite  number  of 
other  forms  are  present,  some  of  whicb  have  been  studied  and  described,  but  not  named  by 
Entemann.  The  form  of  the  crest  In  s^cimens  from  any  one  lake  is  fairly  uniform  (though 
1  varieties  may  be  present),  changing  with  the  season,  being  [arger  in  summer  than  in  spring. 
Adjacent  laltes  may  vary  greatly.  Deep  water  forms  usually  have  smaller  crests  than  those 
Erom  the  shallow  surface  water.    All  varieties  found  in  even  water  of  talces,  in  all  parts  of  the 


DifMa  bufiifiH  VI 


38(35)    Ocellus  absent;  head  helmeted. 

Daphnia  longUpina  var.  longtremis  Sars  i86r. 

Valves  broadly  oval;  ifrine  long  and  slender.  Head  small  and  rounded  with  crest.  Antennae 
vm  long,  reaching  well  toward  posterior  margin  of  valves  when  refleied.  Length,  9 ,  to  i.s  mm. 
Hus  is  the  only  reiscsentative  of  the  European  lucuUala  group  as  yet  seen  in  this  country.  No 
doubt  other  forms  will  be  discovered.  Indiana:  Wisconsin,  in  deep  water  of  lakes  in  southern 
put  of  Mate;  in  surface  waters  in  northern  part. 


Flo.  1071.   DapMa  ImvlnmU. 


Digitized  byCoOgIC 


698  FRESH-WATER  BIOLOGY 

39  (35)     Cervical  sinus  present.    No  crest 40 

40  (45)     Valves  transversely  striated.     Post-abdomen  broad,  with  indenta- 

tion  in  which  anus  opeta. 

Simocephalia  Schoedler  1858  .    .     41 

Body  large  and  heavy;  shell  thick.     Head  and  rostrum  szoall.     Valves  lane,  somewhat 

quadiate,  with  rounded  angles  and  aometimcB  a  jXMerior  afiae;  XOMxked  with  cUique  striae 

anattomoiiiig  irregulatly  and  with  cioes-coiuiectiofis.     Two  abdominal  processes  devdoped, 

eced  far  aput.  Post-abdonien  laige,  broad,  truncate,  posterior  end  emBisiiwte  and  beu^ 
the  anal  spines.  Claws  nthei  straight,  alwayi  denticulate,  sometimes  pecUnate.  Summer 
eggs  numeroua:  ephippium  large,  triangular,  with  one  e^.  Anleanukes  of  $  like  (  but  with 
3  lalnal  loiie-hairs.  First  foot  without  flagetlum  and  with  small  hook.  Poor  swimmet;  swim* 
oilen  oa  its  badi.    Color  yellow  to  yellow  brown. 

41  (44)    Vertex  rounded,  smooth.    No  posterior  ^ine  on  valves 43 

43  (43]     Ocellus  elongated.     Vertex  rounded  over.     Claws  denticulate. 

Simocephalus  veliduslO.  F.  Muller)  1776. 

Ocellus  Urge,  elongated,  rarely  rbom- 
txridal.  No  spioc  on  valves,  tbouch 
there  may  be  a  blunt  posterior  an^e. 
Post-abdomen  vn^  broad,  deeply 
enuugiiuUe:  ansl  spines  about  ten,  de- 
dcaamg  from  the  daws;  the  larger 
bent  and  dbate  at  the  base.  Claws 
bug,  slender,  tittle  curved,  denticulate 
only.    Length,  9,  to 3.0 nun.;   3,ca. 


43  (43)     Ocellus  rhomboidal  or  round.    Vertex  with  obtuse  or  rounded  an^e. 
Claws  pectinate.   .    .     Simocephalus  exspiiwstts  {K.<xh)  1^41- 


Valves  mudi  ai  in  nitilia,  but  striae  do  not 
anastomose  so  freely.  Post-abdomen  slightly 
nairower  toward  apex;  anal  spines  up  to  iz. 
evenly  curved,  not  benl;  claws  with  pectoi  of 
S-ii  teeth  anid  denticulate.  Color  and  gen- 
eral appeanuicc  mudi  as  preceding  ipedes. 
Length,  S.toj.omm.;    S,\ 

Not  c —■ 
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4  (41)  Vertex  angulated,  spinous.  Blunt,  rounded  posterior  spine  on 
valves  in  old  individuab.  Ocellus  ibomboidal  or  tnangular, 
rarely  elongated.   .    .    Simocephalus  serruiatus  {Koch}  1841. 


OJMM.  •— • 

45  (40)    Valves  obscurely  reticulated  and  with  some  striae.     Posterior  and 

ventral  margin*  straight,  the  latter  extended  into  a  point  or 

spine Scaphokixris  Schoedler  1S5S  .    .     46 

Body  not  compcesndi  shape  more  ot  less  quadrate.  Cervical  sinus  ietp.  Fotnica  and 
iDBtrum  trell  developed.  Hrad  mull,  depRssed.  Valves  almost  rectangular,  tbe  iofero- 
pocteal  aagk  of  each  produced  into  a  longer  or  shortei  spine;  veotial  marein  with  short,  fine 
Mtae.  Cbiwi  denticulate,  not  pectinate.  One  abdomloal  (xtijectiDn  dev^ped.  Antenauk) 
■nail,  about  alike  in  both  ttxa,  bonie  behind  the  rostnim.  Sununec  cggi  numeroui;  one 
ephippial  egg.     S  much  like  $  ;  hook  on  Gist  foot. 

46  (47)     Coka  usually  dark,  often  nearly  black. 

ScaphoUbens  mucronata  (0.  F.  MUUer)  1785. 
Valves  arched  docsally  ui  old 
■pedmens;  poUerior  and  ven- 
tral margins  straight;  at  their 
i unction  &  Spine  often  short, 
>ut  often  very  long;  in  var. 
armala  Hetrick  as  long  as  ven- 
tral margin  ol  valve.  Anien- 
nules  very  small,  almost  im- 
movable, set  behind  beak. 
Post-abdomen  short  and  broad, 
rounded  at  posterior  «id;  s-6 
•nal  teeth.    Length,  9,o.S-i.o 

The  form  with  frontal  q>tne  ' 
hai  never  been  found  in  the 
United  States.  Common  every- 
where in  pools  and  lakes  in 
weedy  water,  or  swimming  on 
Fn.  iotC.   SeatUdtrIt  mummma.  Its  bM^  near  or  at  the  surface. 

47  (4O    Color  whitish  or  greenish;  tran^Kireiit  or  opaque,  not  black. 
ScapkoUberis  aurita  (Fischer)  1849. 


ir  ^>out  middle.     Valves  with  blunt  projection 


n  weedy  poob  and  margins  of  lakes.   Noithem 


Ro.io;t.   StalkMmUm 
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48  (34)     No  iDStnim.    Cervical  sinus  present 49 

49  (65)    Head  small  and  depressed.    Antennules  small.    Valves  oval  01 

round.     No  post-anai  extension  of  post-abdomen. 

Ceriodapknia  Dana  1853  .    .     50 

Geneial  form  rounded  01 


triugulu,  wilh  one  egg  placed  bngitudiiully.     Anteruiules  of  $  with  long,  Mout  •€(>,  mixli- 
Gcation  <»  flaeellum;  first  Coot  with  book  and  long  flagcUum.    Free  swimming;  motioD 

wltatoty. 


50  (51)     Head  with  a  short  spine  or  horn. 


Ceriodapknia  rigaudi  Richard  1894. 

V*Iv(s  reticulated.  Head  produted  in  [root  of  antemiules  ioto  a 
short,  conical,  sharp-pointed,  homlike  process.  Two  abdoivlnal  proc- 
esses. Post-abdomen  with  5-6  uud  >|Mnes.  Claws  smooth  or  dea- 
ticulale.  Antennules  rather  slender;  lateral  scnse-hsir  aomewhat 
distal  tomiddle.  Length  ol  $,  04-0.5  mm-;  d*  (South  American), 
ajSmm. 

Pools;  Louiaana,  Texas. 

The  form  with  born  on  vertex  abo  is  found  in  South  America, 
mingled  with  typical  C.  ritaudi.  Probably  both  forms  should  be  in- 
duded  in  C.  comuU  San. 


Fio.  107S.   CtriaittbdaTivmH, 


SI  (50)    Head  without  hom. 
■  S3  (sa)    Claws  pectinate.  .   . 


Ceriodapknia  reliculala  (Jurine)  i8aa 


'Head  obtusely,  or  not  at  all,  angu- 
laled  in  front  of  antennules.  Valvet 
reticulated,  ending  in  spine  or  angle. 
Antennules  small,  with  sense-hair  near 
apci.  Anal  spines  j-io.  Claws  with 
pecten  of  6-10  teeth  and  denticulate. 
Color  variable,  shades  of  red  and  yel- 
low.    Length  of  5  p  0.6-1.4  mm.;  of 

'common,  widely  disttibuted. 


Flo.  io;9.     CaiaitpMt  ntiahia,  with 


S3  (Sa)    Claws  not  pectinate. 54 
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54  (55)     Head  and  valves  strongly  reticulated  and  covered  with  numerous 
short  spinules Ceriodaphnia  acantkitia  Rws  1897. 

Gsienl  shape  rotund  with  well-developed  spine.  Head  much  di^Hcsaed,  not  aDgulated  ia 
front  of  aatenoules  or  at  vertex.  Antennkua  ihart  snd  thick  with  Mose-haii  near  apex.  Post- 
abdomen  DaiTDw,  much  like  quadraniiila,  with  7-0  anal  ifanea.  Claws  denticulate,  the  deslicles 
In  the  proiiiiial  two-fifths  of  the  daw  obviously  longer  than  the  rouaindei.  Color  whitiab- 
tnuupartnt  to  very  dark.    Length,  $,  to  i.omm     *    -■  - 

Manitoba,  in  weedy  slouKh. 


PiO.  leto.    CiriaiatlBiia  acanMma.  Fio.  isSi.    Deuib  of  valve,  ranch  enkii«d. 

55  (S4)    Valves  not  spinulated 56 

56  (s7, 6a)    Post-abdomeu   abruptly   cut   into   near  apex,   senate  above, 

------ below Ceriodaphnia  megalops  Sais  i96i. 

Head  angulated  before  antennules;  valves  striated.  Anten- 
nules  with  sense-hair  near  apei.  Poet-abdomen  broad,  with 
an  allele  near  apex,  cut  into  below  angle,  finely  serrate  above 
and  with  7-Q  slender  anal  spices  below.  Claws  not  pectinate. 
Length,  J,  1.0-i.smm,;  3,  0.6-0.8  nun. 

Widely  distributed  but  not  common. 


.    Ceriadapknlt  mtuhtt. 


57  (56,  63)    Poat-abdomcn  not  cut  into;  of  oidinaiy  fonn. 
58'-"    "—' '    ■•      •  ■       • 


Forniccs  projecting  into  s^Hnous  processes.    Eye  small. 

—^  Ceriodaphnia  lacuslris  Bilge  1853. 


Head  angulated  in  front  of  an- 
.ennule;  vertex  with  fine  spinules. 
Fonices  v«y  broad,  triangubi; 
with  spines  at  tip.  Valves  with 
stout,  short  posterior  sfine,  some- 
times divided,  but  usually  with 
j-4  spinules.  Post-abdomen  lilte  C. 
fuadranitda.  it  unknown.  Color 
yellow,  transparent.    Length,   9  • 

Wisconsin,  MiduKsn:    limnetic 
in  lakes. 
Flo.  loSj.    Ctriaittlmla  laaalrii. 
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59  (s8)     Fomicea  of  ordinary  form;  eye  large,   .    .    ,    , 

60  (61]     Head  inflated  in  front  of  antennules.     Small  form  not  < 
mm Ceriodapknia  pukhella  Sars  1863. 

Form  of  ordinary  type.  Held  nninded  m  front;  inflated  in 
ngion  bchinil  eye,  uiKulsted  in  front  of  antennulea.  Valves  retic- 
ulated but  not  plainly  so.  Post-abdomen  not  sintute  above  uul 
sjnnes,  wtich  number  7-ro.     Length,  9,  o.*-o.j  mm,;   if ,  0  s  mm. 

Fomid  among  weeds  and  limnetic  in  lakes  and  in  pools;  reported 
from  ail  legions.  Fomu  agreeing  perfectly  with  this  desdiptJOQ 
may  be  found,  a>  also  juaJranguiji  forms,  but  otlier  vuielies  occur 
whidi  art  difficult  to  assign  (0  either  spedes,  but  which  so  closely 
agree  with  tbem  as  to  rtuder  it  impossible  to  make  a  new  tpedes 
Fia.  idSi     CiruddUitw  for  them. 

61  (€0)     Head  angulated  but  not  inflated  in  front  of  antennulea.      Length  to 

i.o  mm.    .    .  Ceriodapknia  quadrangvla  (0.  F.  Muller)  1785. 

General  form  like  retiailala.  Valves  reticulated,  often  not  plainly  maiked.  Antennules 
with  lateral  sense-hair  near  apex.  Post-abdomen  narrowing  loward  apex,  often,  but  Dot  always, 
sinuate  above  anal  spanes;  these  number  7-1).  Claws  large,  denticulate.  S  antennules  with 
long  flagellum.  hook-like  at  tip.  Color  transparent  to  pinkish  opaque.  Length,  f 
mm.;    J^,  to  0.6  mm. 

Common  in  ail  regions;  found  both  among 
weeds  and  limnetic  C  icitula  Herrick  seems 
to  be  a  large  variety  of  this  vedet.  QJ-MM.  > 


,   S.loi 


Fios.  108;,  10S6. 

•5*  (S^i  S7)    Poat-abdomen  very  broad,  obliquely  tnmcate. 63 

63  (64)     Vertex  evenly  rounded,  witbout  spines.     Antennules  moderate. 

'.odapknia  laticaudata  P.  £.  MUller  1867. 

Geoenl  form  round.  Valves  vcntticosa 
below.  Post-abdomen  large,  dilated  near 
middle,  -obliquely  truncated  and  beaiing 
8-11  spines  on  lower  margin.  Claws  long, 
denticulate.  Color  transparent  or  opaque^ 
;b  red  and  red-bn>¥m  to  neaify  bladt. 
.0  mm.,  but  not  seen  larger 
luui  u.f  uuii.  in  United  States;   2  <  to  0.7 

WisconslD  and  Minnesota  to  Florida,  Lou- 
isiana, and  Teiat. 
This  ifiedes  is  C  contort  Bitge. 

FlO.  1067.    CtrUidatlmla  kUtauiala. 


througb  T 
Length,  S 
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64  (63]     Vertex  angulated,  with  spines.    Antennules  long. 

Ceriodapknia  rotunda  Sars  1S63. 

General  form  much  like  precHliiig.     Head  angled  at  vertex. 

1.  with  apioes.     Antenaules  long  and  iloider.     Post-abdomen 

I  BORKwhat  enlaised,  hut  not  so  much  ai  in  latUaadata,  tapering 

J  toward  apex,  obliquely  truncate,  with  7-9  alendec  anal  spinet. 

Color  j-ellowiih  or  brown.  Dot  transparent.      Length,   y,  to 

X  Rare,  Wisconsin.    Both  thii  q>edei  and  tlu  precetfing  Hva 

3  among  weeda. 

Fig.  »8S.    CtritiapHma  ntmda.    (Aba  UUftbufg.) 

65  (49)    Head  large  and  usually  extended.     Antennules  large  and  freely 

movable.    Post-abdomen  with  post-anal  extensioD.   .   .     66 

66  (67)    Body  compressed.     Valves  elliptical,  crested  dorsally,   completely 

covering  body.    Ocellus  present.    Fornix  and    abdominal 
process  Well  developed.    .    .    .  Moinodapknia  Hertick  1887. 

Cerviixl  sinus  jKcsoit;  no  cervical  gland.  Valves  tumid  in  postero-donal  rngion;  crested: 
minute  spines  on  ventral  mar^n;  sharp  aogle,  not  spine,  at  junction  o(  dorsal  and  ventm 
margiru;  marked  with  oblique  striae.  usuaUy  inviaible  in  preserved  specimens.  Antennules 
atticbed  on  ventral  surface  of  head,  sense-hair  about  middle:  olfactory  setae  small.  One  large 
abdominal  process,  broad,  concave  in  front,  somewhat  saddle-shaped,  forming  a  trunsition  to 
the  cooditkHi  in  Uaitia.  Post-abdomen  as  in  iioina.  with  slender  post-anal  projection  bearing 
■bout  10  fiikely  dJiate  spines  and  a  much  longer  distal  ^oe  with  2  unequal  prongs,  the  HdtM 
(Fl^.  1094).  Claws  denticulate.  Summer  eggs  numerous.  Male  (South  America)  much  [ike 
Jf«HM,  with  laige  curved  anleiuiules. 

Only  one  certain  spedes.  .  Moinodapknia  madeayii  (King)  1853. 


Louiiiana.     In    weedy    podl 

Herrick's  M.  alabttmtimi  is  re- 
ported as  larger  <i.68  mm.)  and 
may  posnbly  be  a  different  ape- 
des.  Herrick  had  only  King's 
very  imperfect  description  for 
comparison  witb  his  form,  and 
his  own  desfription  is  correspond- 
iogly  imperfect.  Sara'  figure!  of 
U.  madeayii  from  Brazil  show  a 
form  identical  witb  that  from 
,(  NewOiieans. 

Pio.  10B9.    Utintiaflmia  nucUayiL 

67  (66)  Body  thick  and  heavy.  Valves  somewhat  rhomboidal,  not  wholly 
covering  body.  Fornix  small.  Ocellus  absent.  Abdominal 
process  represented  by  horse-shoe  shaped  fold. 

Moina  Baird  1850  .    .     63 

Cervical  sinus  present.    Valves  thin,  obscurely  reticulated  or  striated ;  do  posterior  apine. 

Head  large,  thick,  rounded  in  fronti  sometimes  with  deep  depression  above  eye;  no  rostrum. . 

Antennules  lon^,  spndte-shaped.  freely  movable;  lateral  sense-hair  about  middle.     No  tegular 

tl  projection,  but  in  old  f  a  borse-shoe  shaped  ridge  which  doses  the  brood-cavity. 

. Dmoi  eitended  into  conic^  post-anal  part,  bearing  dilated  s|Haes  and  biddt.     Claws 

smalT;  abdominal  setae  very  long.  Summer  eggs  numerous;  ei^ppium  oval,  with  i  or  i  eggs. 
Anteonute  of  S  very  long  and  stout,  modified  into  daspiog  organ;  denticulate,  with  small 
recurved  hooks  at  apei.    First  foot  with  hook. 

The  apedes  of  Maiaa  ordinarily  inhabit  muddy  pools  and  similar  places.  They  are  soft- 
bodied,  weak  creatures:  liable  to  he  much  distorted  by  preserving  fluids.  Tbe  spedea  ace  much 
iSke  and  often  bard  to  distinguish  unless  S  ^'^  cphipiial  9  "^  present. 
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8  (6g)     Poat-anai  spines  fewer  than  8.    Animal  small,  about  0.5  mm.  long. 
Moina  micTvra  Kun  1874. 


Iube;  deep  cervical  sinusi  uipra-ocuUr  de- 
presiioD  small  or  ubsenl.  Termiiul  poctifm 
of  post-abdomea  smalt  mth  4-6  ipines  and  « 
mudi  longer  bident.  Cbwa  peOfaiate.  Male 
nnkooini.    Length,  ? ,  0,5-0,6  mm. 


Fn.  logo.    Mrimt  miama. 


\' 


6g  (68)     Post-analspinesSormore.  Animallarger.abouti.omm.ormore.  .     70 

70  (75)     Supni-ocular  depression  present;    daws  pectinate;   no  flagellum  on 

fiist  foot  of  male 71 

71  (73)    Two  ephippial  eggs;  antennules  of  male  with  sense  seta  in  middle. 

Minna  brackiaia  (Jmine)  iSao. 

Body  ttout,  heavy;  greenilli.  not  tnniparent.  Head  ordinarily  much  deprcsaed,  ao  that 
vertex  often  lies  almoat  on  level  of  ventral  margin  of  valvM.  Deep  supra-ooilar  depreasioD. 
Valvca  faintlv  reticulated.  PoM-anai  apjnes  7-11  besidea  bident;  claws  pectinate.  Anten- 
'*  '     '      '    -  '    '    nthiNit Oagdlum.    Length,  $, to  1.5 mm.;  JunknomiD 

10  doubt  widely  diatiibuted.    In  poob. 


Ro.  IC91.    Maima  trackUa 


7a  (71)    One  ephippial  tgg 73 
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73  (74)     Valves  smooth;    ephippium   reticulated  around  edges,  smooth  in 
middle;  antennules  o(  male  with  sense  seta  near  middle. 

Moina  Tectiroitris  (Leydig)  i860, 

t  with  bluish  CHat.     Held  extended  or  little  depressed;  deep  cervical  and  supn- 

— ilat  depMssiooi.     Po>t-ibdomen  with  \oBg  ■ — 

jjectioQ  aod  10-15  poBt-ina]  spines  ajid 
IcDt.  CL&wi  pectinatt-  Aotennules  of  S 
th  5-6  hooka  at  apex.     Length,  f ,  1.0-1.0 

Widely    diitrib-  ' 


Pio.  1091.  Uak  lotenntik. 


74  (73)    Valves  striate;  ephippium  reticulated  all  over;  antennules  of  male 

with  sense  seta  near  base.  .    .    .     Moina  affinis  Biige  1893. 

OOSMMi  I  '  Much  like  U.  mlinslru,  from  which  the 

jraung  9  are  hardly  distinguishable.  Antai-. 
nulei  of  S  broad,  frioKed  with  fine  hain  <m 
inner  margin;  4-6  hooks  at  end.  Length,  $ , 
o.8-ix>ni-       *    -         


Wisa 


"^  r. 


flLouii 


75(70)  No supia-ocular  depression;  daws  not  pectinate;  antennules  of  male 
with  sense  seta  in  middle  or  below;  first  foot  of  male 
with  long  flagellum.    .    Moina  macrocopa  Straus  1820. 


elongated  head;  f-Ci  hooks 


bident.    Two  ephippial 

on  antcnniile-     Length,   y ,  lo  ia  nun.;  ^  ,  d.^-q.u  hue 
Pool^  Wisconsin,  Nebraska,  Colorado,  N.  Dakota; 
widely  distributed. 


and  U.  JUitdlala  Ha- 


EM.  1095     Ualma  matncafj. 
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76  {33,  S3)    Six  pairs  of  Eeet.    Antennules  of  female  large,  fixed. 

simple;  no  ceca Family  Bosunidae  Sais  .   .    77 

Body  ihort  ud  hi^  otten  ovd  or  round.  Vilvtt  cover  body  ud  abdomea.  Antouiules 
ot  9  long,  immovibtr  fiicd  to  head.  No  ■bdominal  pnxxag  or  ocellui.  lutcMine  witbout 
codvolutioni  <a  cccs.    Aniaub  110111,  rardy  eiceediiig  o.j  mm. 

77  (83)     ADtennules  of  female  approximately  parallel  to  each  other,  curving 

backward,  fixed  to  head;   olfactory  setae  on  side,  usually 
near  base Bosmina  Baird  1845   .    .    78 


ud  loog  fijdlum  oa  fint  foot. 

IJttle  won  haa  btea  done  in  this  country  01 
are  not  w  muiy  ipedel  tlor  to  gitat  an  amoui 


78  (79)    ClawB  with  two  series  of  spinules. 

Bosmina  long^roOris  (O.  F.  MUller)  1785. 

Two  aeries  of  spinules  on 
davi,  the  basal  increasiag 
in  lensth  distil(y,  owtia- 
ued  by  very  fine  denticla 
to  tip  of  daw.  Frontal 
Bcnac-hair  about  midway 
between  eye  and  junction 
of  antennules.  Antennulea 
moderate  or  short  (var. 
hreBKomii) ;  sometimes  re- 
curved at  apei  (va 
mtla).    Trans 


mala).    Transparent  or 
dearyeUowish.  Length,  $ , 


variable.  Id  open  w 
oi  lakes,  in  weedy  l 
(iiu.  In  pocdt  and  man 


Vta.iegS.    BlUiH'HinrirMMl.lyldcilipfciniin:  #,  pat-abdoniEn  nxn  blahlr  imgiu&cd. 
Roitnun;  «,  vu.  canmla;  i,  vu.  tmiHriKi. 

79  (7S)     Claws  with  basal  series  of  spinules  only 
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FioDlal  MnK-hair  near  junction  i^  tatenDule*.    Aotcnnulei  ibottct  Ihui  lenglb  of  vUvn. 
Sbdl  Kticulated  or  Bnooth.    Length.  9 ,  0^-0.5  mm. 
In  pool*  MXl  laka;  not  ran;  very  vuubte. 


Mucio  longer  than  daws  and  process. 

Bosmina  longis  pitta  Ley  dig  li 


Fn»ital  Mnae-hair  Mar  junctioii  <rf  uiteDnulei. 
Mucro  and  aoteniiulcs  long.  Sbelt  Mruted,  maiks 
eqwcuUy  plsin  on  head.  Tnnqiuciit.  Lenstb, 
9 ,  <a.  04  nun. 

Kan,  in  lakes. 


Flo.  logs.    BrimlHt  Itniiifliia. 


89  (77)    Antennules  united  at  base,  and  diverging  at  apex;  numerous  long 
olfactory  setae  on  their  ventral  side. 

Bosminopsis  Richard  1895. 
Sole  American  species.  ....  BosminopHs  deilern  Richard  1895. 
In  gcncnl  much  like  &u- 
iKitui.  Basal  psit  of  anten- 
nulo  uoitEd  with  each  other 
and  head  to  fonn  very  long 
rostnun;  diverging  laterally 
near  apex,  with  koig,  stng- 
gliog,  olfactory  Ktae.  Antcn- 
nainthj-jointedrami.  Post- 
abdomen  tapering  to  pomt  at 
dawa;  i  laige  qxne  newr 
dawl  and  leveral  very  mi- 
nute spinules  anterior  to  it. 
S  witB  large  movable  an- 
teonulea;  short  lOstnun;  GrA 
foot  with  book  and  BageDum. 
Length,9,ca.o.j5mm.:  t. 
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83  (33,  76)    Anteimules  of  female  long,  fredy  movable,  mually  inserted  at 

aDterioT  end  o[  veotral  surface  of  bead.  Rami  of  antennae 
3-  and  4-jointed.  Intestine  simple  or  convoluted.  Hepatic 
ceca  usually  wanting.     Five  or  six  pairs  of  feet. 

Family  Macrothkicidae  Nonnan  p.nd  Brady  .  .     84 

Abdomintl  proctt*  uaually  absent;  nrely  present  (/IjnoyMiil).  Feet,  5  ot  6  ptSlt.  tht 
first  two  pi^ieosile;  tbe  tut.  if  preaent,  nidimeuury.  PoM-abdomeD  marked  ofl  from  body, 
uwiaUy  lu^,  oftra  bilobed;  antu  terminal  or  lateral.  Labnun  usually  with  keel  or  muked 
projection.     Valves  often  crested.     Focnicea  well  devetoped. 

The  members  of  this  family  are  »o  various  in  fonn  tbal  it  is  hani  to  find  many  comtnan 
diaracteis;  yet  the  Kcncrai  appearance  is  always  cbaiacteristic.  The  size  and  position  of  tbe 
antennules  will  show  the  membership  □(  every  genus  cscepC  IlyoiTypliis;  and  there  is  do  (rouble 
in  recognizing  that  genus  as  belonging  to  the  family. 

84  (95)     Intestine  convoluted 8$ 

8s  (86)     Valves  with  spine  at  supero-poateal  angle.     Small  bepatic  ceca. 

Ophryoxus  Sars  1861. 

Sole  spedes. Ophryoxus  pacilts  Sais  1861. 

General  foim  elongated,  sodw- 
what  daphaid.  Aoteonules  long, 
llender.'  [rinsed  with  numeroua 
hairs  behind,  lateral  aense-hsir 
near  base;  oilsctory  setae  unequal. 
Antennae  long,  weak.  Six  pairs  of 
'    '      -    -    ■  ■        J  \oa%,  taper- 


ing at  apci,  anus  dorsal,  poet-snal 
porticoi  lar^  with  numeniiis  short, 
blunt,  ciliated  spines,  the  proximal 


,   3  bearing  Enc  _^. 

nules.  Claws  straight,  with  (usu- 
ally) two  stout  biLsal  spines.  In- 
testine with  convolution  in  middle 
of  body:  1  small  hepatic  ceoi. 
OJ  MM.  -  Antennules  of  $   longer  than  9 ; 

sense-hairs  longer.     Vasa  deferen- 
Fw.  iioa.    OUtymu  eaeiiu.  tia  open  on  ventral  (anterior}  side 

of    post-abdomen    about    middle- 
Strong  hook  on  Gist  foot.     Color  transparent,  hut  loot  often  purple  in  old  9  -     Length,  9 ,  to 


86  (85)     No  such  spine 

87  (92)     Hepatic  ceca  present  . 


88  (89)    Antennary  setae  9 , " ;  S , ^  I  valves  narrowed  behind  and 

0-0-3  1-1-3 

prolonged  into  short  tube.    .     Paraphryoxus  DooUttle  1909. 
Sole  spedes Parophryoxus  lubuiatus  Doolittle  1909. 

Form  etoDgated  oval;  narrow  crest  on  head  and  valves.  Head  roundnl.  rostrum  well 
marked;  cervical  sinus  present.  Valves  thin,  transparent;  unmarked  or  faintly  reticulated; 
prolonged  behind  into  a  sort  of  tube,  best  seen  from  above;  ventral  margin  with  moderate 
tetae.  Post-abdomen  elongated,  triangular:  post-anal  part  long  and  slender,  narrowed  toward 
apex  tmnewhal  as  in  OphryBna;  IjeariFig  a  few  very  small  spines.  Claws  long,  rather  strairiit; 
with  1  baial  spines.  Antennules  cylindrical,  slender;  with  basal  sense-hair  and  three  cons[Mai- 
ously  long  olfactory  setae.  AntenoBC  long,  slender;  basa)  joint  annulated;  setae  not  conspicu- 
_.._L.  j!__!_!i__      Pjj(^  5  pairs;  tbe  last  rudimentaiy.     Eye  moderate,  with  (ew  lenaea;  oodlus 
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bntc,  KNtM  dbUDCc  (nuD  tpex  of  rostrum.    Intnlinc  oonvolulcd,  with  nnill  bep*tic  cto. 

J  with  boidi  on  Gnt  foot;  vas  deferEni  opcni  ncu  cUws.     Length,  $,  to  1.3  mm.    Color 
tnnipannt -ycUowi^. 
Miine.  New  HamfKhini  amoBf  weed*  in  hlua.    The  diflenocc  in  BnteoDuy  letae  of  i  and 

7  taohb  for  atl  qKomeoi  hitherto  kcd. 


3X2  MM  „ 
101.    Fanflirymu  lulmltua.     (Alter  DooUttltJ 

';  animal  small,  spherical.  .  Slreblocenu  S»ni863  .    .  90 

Antennules' Uije,  flHt,  bent,  0 , ._  .  , 

hair  near  base,  several  hain  on  posterior  (ace,  rows  oF  Gne  hain,  and  subeqiul  olhicioiy  aeuie. 
pQsC-sbdonien  bilobed;  the  pce-anal  patt  cotnpteued,  lemi-drculu';  the  uul  part  rounded, 
with  fine  spines  or  hairs.  Claws  small,  curved,  with  several  equal  minute  denticles  on  am- 
cave  edge.  Five  pairs  ol  feet.  Intestine  convoluted,  with  smail  hepatic  ceca.  S  (£uropea>^ 
of  S.  itrricaudaliis)  small,  triangular,  much  like  9  ■  ^nt  foot  without  hook. 

90  (91)    Dorsal  margin  of  valves  smooth. 

Slr^ilocerussemcaiidatusiF'xatixa)  1849. 
OJ  MM.  '      '  Prp«ifll  part  of  post-abd*. 

bearing  rows  of  fine  hain. 
Anterior  margin  of  antennuto 
somewhat  toothed.  Ctdor 
whitlah-opaque  to  yeUowish. 
Length,  9)  (^  °-i  i>u>i';   it 

Rare  but  widely  distrUnted 
In  weedy  pools  and  margins  of 
lakes.  Reported  frwn  New 
Englaiul.  Wisconsin.  Nebraska, 
Louisiana,   Colorado,   Califor- 

Fio.  iiei.    SlrMcanu  htWcob, 

91  (90)     Valves  reticubted,  the  edges  of  the  reticulations  making  scale-like 
ridges,  which  give  the  dorsal  margin  a  serrate  appearance. 

StreUocerus  pygmaeus  Sars  1901. 

Pre-anal  part  of  post-abdomen  not  serrate,  with  4-5  rowa 
of  fine  hturs.  Color  grayish  white,  opaque,  to  nearly  black 
in  ephippial  9 '     S  unknown. 

Lcngtli,  9>  0.3--0.1S  mm.  The  smallest  member  of  tha 
family  and  one  of  the  smallest  of  the  group.  Louisiana,  in 
weedy  pools,  with  S.  serricattiaku. 
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91  (87)    No  hepatic  ceca;  setae ^ 93 

93  (94)    Convolution  of  intestme  in  middle  of  body.    Valves  crested,  with 

strong  tooth  on  crest Drepanolhrix  Sais  1S61. 

Sole  species DrepanoAHx  dentata  f^^atai  i96i. 

Valves  reticulated;    donal  muBJD  vched,  otited,  with  coaapicuotu,  ihort,  backmnl- 

pointing  tooth  About  middle.  Aoteanules  broad,  fist,  twisted,  though  not  so  mud)  u  io 
Slnbioeenu;  post-abdomea  oiinpcessed  but  not  citEnded  into  ■  thin  edge;  sImoM  quadrate 
as  seen  tTOm  nde.  MarEin  witb  1  tarn  of  small  siHiies,  about  10,  and  with  Kvenl  rows  of  bain 
besides  scattered  groups;  apei  truncate,  emarginate,  with  anus  in  depnssjon.  Claws  short, 
broad,ae*centicsiTiooth,  or  denticulate;  5  pairs  of  feet.  ^  much  like  young  '};  hook  on  first 
loot;  poat-abdomen  without  qiines;  vasa  deferentia  open  in  iront  of  daws.  Color  whitisfa  to 
yellomsh;  opaque  or  tnuisparent.  Loigth,  9  ■  ca.  a.;  mm.;  $ ,  n.  0.4  mm.  Not  conunooly 
collected  though  widely  distributed  and  probably  not  very  rare  in  shallow  waters  of  laka,  on 
bottom  or  among  wenls.    Maine,  Michigan,  Wisconsia,  Minnesota,  Colorado. 


94  (93)    Convolution  of  intestine  in  hind  part  of  body  and  in  post-abdomen. 

No  dorsal  tooth AcanlAokberis  LiUjeborg  1853. 

Solespedes.  ....    AcantkoM)eriscun)iroslrisiO.F.M.aiitr)jjj6. 

Form  in  general  angu- 
lai-oval,  not  comprened, 
witliout  crest,  t^erior 
margia  of  valves  rounded 
over  into  ventral,  both 
fringed  with  long,  dose- 
set,  plumose  setae.  La- 
brum  with  loog,  slender, 
conical  process.  Anlen- 
nolei  large.  Oat,  somewhat 
curved,  expanded  toward 
apei.  Post -abdomen  targe. 
moderately  broad,  not 
compressed  or  divided, 
hairy,   with   10  or   more 

small  dorsal  siMnes  in  each 

("•■""*  '  row;  anus  ternuoal.  Clam 

Fm.  tio;.    AuMlluMtrii  cimimlrii,  short,  stout,  broad,  curved, 

deuticulate,   and  with    1 
.  small  basal  tpioa  set  side 

by  side.  Six  pairs  of  leet.  Intestine  without  cecM,  convoluted,  the  loops  lying  in  great  pan  in 
posj-abdcmien,  ff  resembling  young  9;  antenuules  with  a  proximal  sense-hairs;  first  foot 
wilb  small.  laciHispicuoua  hook,  post-abdomen  cmarginate  donally,  vasa  deferoitia  open 
behind  daws.    Color  yellow,  not  transparent.    Length,  9,  to  1.8  mm.;   j.o.j-o.jmm. 

In  pooLi  and  margins  ol  lakes  among  weeds,  reported  e^iedally  frequent  in  SpMattium  bogs. 
MauK.  WiMODsm,  Louisiana;  probably  in  all  regions  of  the  United  States. 

95  (84)    Intestine  simple 96 
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96  (gg)     Hepatic   ceca   present;     post-abdomeo   bilobed;     antennary   setae 


97(98}     Post-abdomen  very  large,  with  few  spines.  .  Oimo/iffHa  Richard  1891. 
Sole  spedes Grintaidina  braaai  Richard  1893. 

Body  oiinpKssed,  lomewti&t  quad- 
nngular,  with  all  nuisins  of  vitvcs 
sligiitly  amva.  Poac-abdomen  enor- 
mousj  much  compresMd.  roughly  semi- 
elliptical  in  form;  the  pre-uiai  portion 
divided  by  a  notch  into  two  parts,  of 
nhich  the  antetior  is  the  amaUer;  a. 
lon^  spine  at  the  notch  which  marks 
jimction  of  anal  and  pce-anal  parts ;  00 
uul  put  two  UtenU  rows  of  SEoaii, 
ilenda*  aiHoes,  about  7  in  Ulterior, 
and  s  in  posterior  row.  Claws  imi^, 
denticulate,  with  i  small  basal  spine. 


America)  small,  like  at .  . 

tennulcs  with  2  bagal  seose-luurs;  anau 
hook  on  lirst  foot.  Color  reddish- 
brown.     Length,   9  to  o.g  ttaa.;    S, 


Fn.  IioS.    Crimali'ata  bnuiat. 

98  (97)    Post-abdomen  moderate;   numerous  small  spines  on  pre-anal  part, 

dusters  of  hairs  on  anal  part.    .    .      Wlassksia  Daday  1903. 

Sole  American  species.     ....    Wlassksia  kinistinensis  Birge  1910. 

.^  Fonn    oval,    not    OKn- 

prcMed.  Valves  mated ; 
with  qjines  on  ventral  mar- 
gin: marked  by  very  deli- 


setae  subequal.  Two 
rounded  projeotlaiia  at  base 
of  labrum  on  ventnl  sur- 
face of  head,  Labrum  with 
atroD^  conical  projectioa 
pointing  backward  and  a 
second  project  Iod  just  ia 
front  <^  unall  terminal 
lobe.  Post-abdomen  with 
fine  spines  and  iiaira.  Ab- 
dominal setae  veiy  loiig,  not 
set  OD  projection.  Clawi 
witb  verjT  small  basal 
spines.  Five  pairs  of  feet; 
branchial  sacs  on  all  leo. 


99  (96)    No  hepatic  ceca;  post-abdomen  various. too 
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loi  (los)     Wide  crest  on  dorsal  margia  of  valves.     Antennules  at  apex  of 
bead.     Fost-abdomen  bilobed,  of  moderate  size. 

Buitops  fiirge  1893. 
Sole  American  spedes Bunops  serriaiudata  {Dad&y)  iSSS. 

General  fonn  rounded,  mudi  compreaKd; 
high  keel  on  don&t  side.  Front  Ot  bead  flat, 
somewhat  kite-shaped,  with  bora  or  umbo 
over  eye.  Strong  triangular  keel  on  la- 
bium. Valves  faintly  reticuUted,  produced 
behind    into    rounded    projection;    ventral 


maijcin    minng  in  front,   inSeied    behind, 
'~ — ""  with  rather  long  straggling  h.  ' 
Antennules  with  basal 


hair  and  two  pairs  of  i  ... 

olfactory  setae  somewhat  unequal.  Post-ab- 
domen much  like  Slrtblocents;  bilobed,  pre- 
■nal  portion  Battened,  semi-drcular,  with  7-^ 


ir  teeth  on  the  donal  msrgia  ai 

G4rowsofGnehtun;  anal  portion  with  fii_, 
irs  and   3-4  spines.     Color  transparent. 


Fia.  iioi.    Bmtepi  unifuJoh. 


tjngedwithyeltow.  J  unknown.  L^gthof 
9  loi.onun.  Maine,  Wisconsin;  vetylooi 
la  diatributioD,  but  not  rare  when  present 


I03  (loi)  Vertex  of  head  fonning  sharp  angle  in  froot  of  insertion  of  anten- 
nules. Dorsal  crest  of  valves  absent  or  small.  Fost-abdo- 
men very  large,  with  nmnerous  long  spines. 

I lyocryptus  S&is  1B61  .   .     103 

General  lorm  ovol-triaagular,  the  head  forming  the  apex  of  the  triangle,  while  the  enonnouilr 
dilated  ventral  and  posterior  edges  □(  the  valves  round  ioto  each  other;  these  have  lon^,  cloce- 
set,  fii«d  setae,  usually  branched  and  frin|[ed.  Antennules  long,  freely  movable,  3-jointed, 
basal  joint  very  sniall,  attached  to  ventral  side  of  head  behind  vertex;  olfactory  letae  unequal. 
Antomae  thort.  powerful;  basal  joint  annulated  nearly  to  apex;  with  long  sense  setae;  motor 
aetae  not  plumose,  smooth,  or  with  sparse  hairs.  Abdonunal  process  long,  tongoe-shapcd, 
haliy.  Post-abdomen  large,  broad,  compressed;  anus  on  side  or  near  apex;  many  spines  on 
dorni  margin;  nnmeroua.  long,  curved,  lateral  sfanes  and  setae;  tine  scnnules  near  base  ot 
claws.  Claws  long,  straight,  denticulate,  and  with  1  slender  basal  spines.  Intestine  simple,  no 
ceca.  but  enlarged  near  rectum.  Six  pairs  of  feet.  S  with  larger  antennules  Chan  $ ,  bearing 
a  sense-hairs;  no  hook  on  first  foot. 

In  most  ipedes  the  old  shells  are  not  cast  o9  in  molting  but  overlie  the  youngest  in  several 
layers.  The  spedes  live  in  mud,  creep  about  among  weeds,  though  they  can  and  do  swim; 
Me  often  greatly  loaded  with  mud  ana  vegetable  growths,  nearly  concealing  structure. 

103  (106)     Anus  opening  on  dorsal  margin  of  post-abdomen;   molting  imper- 

fect  104 

104  (105)     Eight  or  more  pre-anal  spines;  antennary  setae  short. 

Ilyocryptus  sordidus  (Li6ven)  1848. 

Poat-abdomen  emaiginate 
where  anus  opens;  8-14  [we- 
anal  marginal  spines;  lateral 
post-anal  spines  about  S-io; 

smaller  spines.  Ocellus 
Dearer  base  of  antennule  than 
eye.    Six  to  eight  sununet 

Color  red,   but   often  M 

^    ...   .  loaded  with  debris  aa  to  b« 

Fio.  1109.     ItyxrytttH  senHJia,  opaque.     Length,  9,  ca.  i« 

mm.;   t        

Not  Tccy  coounon  but  widely  distributed  in  weeds  on  muddy  bottomi- 
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105  (104)     Five  to  seven  pie-anal  spines;  antemiaiy  setae  ordinarily  very  long. 
tlyocryptus  spinifer  Herrick  1884. 

Aniu  opens  id  depresBion  od 
dorwl  maiKLD  of  poat-abdomen: 
S-jj  pie-andr  i|>ina;  4-8  post-uul 
laCcnJ  spines  in  outer  row.  An- 
tennaiy  seue  usually  long,  some- 
times  equaling  length  of  vaNtt; 
in  some  speciiiieDs  they  are  tbort, 
■ppaitntly  because  of  wear.  Ei^t 
to  ten  summer  eggs;  true  ephip- 
pium  formed  and  cast  off  (Sara). 
X  unkuown.  Color  yetlow  or  led- 
dish.    Length,  9, 100.8mm. 

This  species  it  I ,  hngiremii  San; 
I.  ludyi  Brady.     " 


Maine  to  Lake  Superior  and  Gulf 

of  Mexico.     Probably  in  all  regiiHiB 
of  United  States. 


.    ItyctrrtHa  iHnlJm. 


106  (103)     Anus  at  end  of  post-abdomen;  molting  complete. 

Ilyocryptus  acutifrotu  Sais  1863. 

Po>t-abdcHiien  not  emarginate;  .about  S 
small  spines  near  daws,  ^ortest  next  claw; 
about  6  lon^p  curved,  lateral  sfanea,  about  3 
marginal  spines  carrtspanding  to  pre-anals  of 
otber  speaes:  the  proiimal  two  directed  for- 
ward; from  distal  spiae  of  this  set  a  series  of 
very  small  marginals  to  anus.  Antennule  dub- 
shaped,  hairy.  Ocellus  nearer  eye  than  inser- 
tion of  antennules.  Claws  as  in  /.  tordidm. 
Three  to  four  summer  eggs.  £  unknown. 
Color  leddish  or  ydlowis&T   Length,   9.  Ck. 

HyaajHui  acmlifrtm.  '  Rhode  Island,  Colorado 


107  (100,  1 16)     Antennary  setae ^ ;  basal  seta  of  3-iointed  ramus  stout 

andstiS Macrotiinx  Baiid  1S43   .    .     108 

Shape  oval  or  rotund,  somewhat  compreased,  with  dorsal  crest.  Head  large,  ordinarily  not 
depressed;  vertex  evenly  or  abniplly  rounded;  rostrum  short.  Ventral  margin  of  valves 
ordinarily  with  long,  stout,  movable  spines,  which  project  in  aeiT^ral 
ral  sense-lu '  ' 


laive;  lateral  sense-hair  near  base.  Antennae  large;  the  proximal  seta  o(  3-jainled  ramus  long, 
■tin,  and  spinous;  the  others  sparsely  plumose  or  partly  spinous.  Five  pairs  of  feet.  No  ab- 
dominal process.  Post-abdomen  large;  often  bilot>ed.  Claws  small.  Intestine  simple,  no  ceta. 
S  with  large  antennules;  hook  on  first  foot. 


8  (115)     Dorsal  margin  of  kead  evenly  rounded 109 


109  {114)    Head  extended;  rostrum  far  from  margin  of  valves.    Antennules 
enlarged  near  distal  end <■■   •     no 
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o(iii)    Post-abdomen  not  bilobed.     .   MacroUmx  taticomit  (Jviitkt)  iSao. 

Fofin  raund-ovite.  Vilvcs  crcM«il, 
the  dond  edge  semte  with  fine  teeth- 
Head  evenly  louaded.  Labnun  with 
luge  tiiaoKubtT  process.  Anteonule 
btoMer  diatally;  >  setifenxu  projeo 
tk>D  on  poMerior  matsiii  oeu  tpexi 
Ulteiiot  mugin  with  aevenl  fine  jn- 
daions  and  dusten  or  rows  of  hain; 
oUvloty  KUe  conniicuDUsly  unequal, 
Post-kbdmnen    with    r 


.   MaailMxUlktmH. 


yellowish.     Length,  ?,  o. 
S ,  o.3-o_4  nun. 

Widely    distributed;    found    I 
parts  of  the  countiy  but  nowhoi 


III  (no)    Post-abdomen  bilobed iia 


3  (113}    Conspicuous  fold  or  folds  of  shell  of  head  at  cervical  sinus. 

Macrothrix  tnontana  Birge  1904. 


Fonn  ovoid.    Head  Uiie;  dorsal  margin  evenly  rounded; 
the  sheU  extended  into  collai-like  folds  m  front  of  cervital 
AnteuDulcs  stoul.  large,  enlarged  near  apei.  about  6 


anterior  cross-rows  of  halr^  and  j-4  ilouter  posterior  setae; 
olfactory  setae  unequal.  Post-abdomen  bilobed.  Clawshardl^ 
larger  than  spines.     Color  tran^iaient.  in  preserved  ipea- 
mens.     S  unknown.    Length,  9  ■  O'  0'5S  """ 
Colorado. 


113  (iia)    No  such  folds.     Macrothrix  hirsulkomis  Norman  and  Brady  1S67. 


Form  broadly  ovate,  not  very  different  from  U.  lalUonlit. 

Antennules  broad.  Sat,  t>enc,  varying  in  formbut  always  enlarged 
distatly;  with  6-8  rows  of  stiff  hairs  on  anterior  side;  sometimes 
stout  setae  on  posterior  side;  olfactory  setae  unequal.  Post-abdo- 
men large,  broad,  bilobed;  pre-anal  part  not  flattened  nor  with 
praiection  for  abdominal  setae;  numerous  small  sianes  and  hairs 
on  both  anal  and  pre-anal  parts.     S  uikknown.    Length,  9 1 0.5s 

New  Enijand,  Colorado. 


MimOrii  UumtiamU. 
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114  (log)    Head  much  depressed;  rostrum  dose  to  margm  of  valves.    Anten- 
oules  slender,  not  enlarged  near  distal  end. 

Macrolkrix  borysthenica  Matile  1890. 


valveswith ...   

tnim  ia  very  dose  to  valves.  Anlennulcs  with  a  lew  aat- 
tered  fine  hairs;  olfactory  BCtaesmall,  equal.  Poet-abdomen 
eloogated,  bilobed;  with  nuineroua  fine  spinulcB  and  halts 
on  both  lobes.  CIkws  small.  Eye  moderate;  ocellus  at 
rostrum.  Color  iransparent.  Leagth,  9.  to  i-i  nuD- 
Albuqucrque,  New  Mexico  (Uemck). 


VdfnMrii  &»7ittMJca.    (Attcf  UitikJ 


115  (108)     Dorsal  mai^  of  bead  curved  abruptly  in  front  of  eye.    Antennules 

slender Macrolkrix  rosea  (Jurine)  i8ao. 

Fonn  broadly  ovate.  Valves  reticulated,  crested,  not  serrate.  Head  large;  its  dorsal  mar- 
gin rounding  over  abruptly  Into  interior  maisin.  AuCennules  long,  slender,  not  enUised  near 
apa;  lateral  seose-hair  near  base  on  small  elevation;  olfactory  setae  unequal.  Post-UNlamen 
extended  into  blunt  i^t>cess,  on  wfaicfa  abdominal  setae  are  bome:  pre-anal  pan  semi-elliptical, 
with  numerous  spinules  along  convex  edge  and  many  fine  hairs;  anal  part  with  several  imall 
■pines.  Claws  small,  smooth.  Summer  eggs  numerous;  cphjppium  well-developed,  with  1  eggs. 
Antennules  of  S  long,  curved.  Post-abdomen  terminating  in  long,  fleshy  projection  on 
which  the  vasa  defeientia  open.  Hook  of  first  foot  serrate  at  tip.  Color  tranqiarent  to 
yellowish  or  sometimes  a  ruddy  tinge.  Length,  J,  ca.  0.7  mm,;  J,  0.4  mm.  QKnmon 
everywhere  in  marshy  pools  and  margins  of  lakes. 

U.  lemHComu  Kucz  is  a  variety  of  this  spedes  AH  S  S  found  in  America  agree  with  It. 
At«iu  Sara. 


FKLiiie.    ItKulirixn 
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ii6  (loo,  107)    Antennary  setae  °"^~^  ^ ;  all  amilar  and  plumose. 

iMlhonura  Lilljeborg  1853. 

Sole  species Latkonwa  rectkostris  (O,  F.  Miiller)  1785. 

General  [orm  loog-oval,  not  am- 
pcessed.  Vslva  luunaikedi  tbe 
ventnl  mutnn  witb  short,  dose-set. 
SDOotli,  lancet-sluipeil,  or  ipituble 
tpintt.  Anteunules  sttaifht.  with 
■oise-hiir  near  base :  i  pain  of  loiae 
setae  id  distal  half.  Post-abdomen 
veiy  mnall.  extended  behind  into  a 
loag  OHiical  process,  whicb  beats  (he 
very  long  abdominal  setae;  covered 
•mtb  fine  qilnes  and  setae.  Clawi 
SDiall,  Boiooth,  or  denticulate.  Sum- 
mer eggt,  a  to  10;  I  ephippial  egg- 
$  like  young  9.  "ith  larger  anten- 
nules;  1  lateral  sense-hairs,  the  addi- 
tional one  —  the  distal  —  the  larger; 
olfactory  setae  longer.  First  foot 
with  hook.  Vas  defemu  apeaa  at 
daws.  Color  transparent  to  clear 
yellow  or  greenish.     Lcngtb.  9,  to 


Widely  distributed  in 


iVidely  dis 
IS  of  Ukes 


but  Dowhete  commoD. 


117  (11)  Fomices  extended  so  as  to  cover  anteimules  in  whole  or  in  part,  and 
uniting  with  the  rostrum  into  a  beak,  projecting  ventraUy  in 
front  of  antennules.  .  Family  Chydokidae  Stebbing  .   .  118 

Antennae  small,  rami  3- jointed ;  setae  ^^^^  or  — '"^  ,  Labnun  with  huge  keel.  Five  or  six 
pairsof  feet.  No  true  abdominal  procen  or  ei^ppium.  Post -abdomen  compressed,  jointed  to 
body.    Intestine  convoluted.    Ocethis  ahr^rs  present,    j  with  hook  on  Gist  foot;  la^  antoi- 


118(119)     Anus  terminal.     3  hepatic  ceca.     Summer  and  ephippial  eggs 
numerous Subfamily  Eukycercinae  Eute. 

Sole  genus Eurycercus  Baiid  1S43. 
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Only  one  American  ^)edes. 


Eurycerau  lamdia^  (O.  F.  Mulla)  1785. 


in  depression;  dorsal  margin,  i  ." 
— ^over  iQo— Biw-bke  teeth.  Clswi  on  ipiniferoui 
projection,  with  a  basal  Bpinesand  denticulate.  Sti 
pairs  of  Int.  Intestine  with  hepatic  ceca  and  con- 
volution. S  tike  young  $ ;  hook  on  tnt  (oot:  vu 
deferens  opens  at  base  o!  claw  on  ventral  (antetioT) 
side.  Color  yellowisb-brown,  opaque.  Length.  $ , 
to  3.0  mm.  or  more;  J  ,  to  1,4  mm.  The  Largat 
member  of  the  family.  Found  everywhere;  in  per- 
maneat  pools  or  maiKina  of  lakes  among  weeds. 


119  (118)  Anus  OD  dorsal  side  of  post-abdomen,  whose  post-anal  portion  bears 
denticles.  No  hepatic  ceca.  Two  summer  eggs;  one 
epbjppial  egg.     S  with  strong  hook  on  first  foot. 

Subfamily  Chydobinae  .   .     no 


110(247)    Eye  present. 


lai  (346)     Eye  and  ocellus  of  ordinary  size;  antennules  do  not  project  beyond 

rostrum,  though  olfactory  setae  may iia 

113  (171)     Posterior  margin  of  valves  notgreatlylessthanmazimumheigbt.  113 

No  Spedea  oi  Pleurona  belong  in  this  section,  though  some  individuals  o(  105  and  lOQ  may 

113  (13s)    Body  compressed;  claws  with  secondary  tooth  in  middle.   .    .     124 

134(129, 13a)    Crested;   post-abdomen  narrow,'  with  marginal  and  lateral 

denticles 135 

'  Temis  denoting  relative  size  are  to  be  understood  with  reference  to  the  section  in 
whidi  they  occur. 
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135(118}  Crest  on  head  and  valves.  .  Cam^tocerctu  Baird  1843  .  .  116 
Fonn  oval;  greatty  compresaed,  with  crest  on  head  and  back.  Valves  with  aules  rounded; 
small  teeth  at  infero-posleal  angle;  longitudmally  striated.  Post-abdoioen  very  bog,  alender, 
witb  numerous  marginal  dmtides  and  lateral  squamae.  Claws  long,  straight,  witb  i  bud 
spine;  aseriesofsmaJl  denticles  tecminaCiDg  ina  larger  one  about  the  middle  oEclaw;  ntiemdy 
fine  teeth  tbence  to  apei.    Five  pain  of  (eet. 

116  (127)    Post-abdomen  with  15-17  marginal  denticles. 

Campioctrau  recliroslrii  Schoedler  1862. 

Head  eztended  ot  de- 
prened.  'S  without 
denticleioo  post-abdo- 
meo,  CoIot  yellow- 
transparoil.  Lensth, 
9  ■  to  i.o  mm. 

Common  everywbere 
■mmg  weeds  in  oar- 
ginsoiilakes.  etc.  Host 
of  tbe  specimens  from 
tbe  United  Slates  are  ol 
the  variety  Uierratiu. 

OJMM.   .  '^"" 

137  (ia6)    Post-abdomen  with  20-30  marginal  denticles. 

Camptocercus  macrunts  (O.  F.  Miiller)  1785. 
Much  like  tbe  preceding.    Very  rare,  but  reported  from  most  regions  in  the  United  Statei. 
Undoubtedly  the  pteccdiog  spedea  has  been  mistaken  for  this  by  some  observen. 

128  (135)  Crest  on  valves  only.  ,  Kurzia  Dybowski  and  Grochowski  1894. 
This  genus  is  AUmopsis  (part)  of  older  authors;  Pseudttlona  Sars. 
Sole  American  species Kunta  latissima  (Kviz)  iS'j4. 

Geneial  form  subquadtate; 
greatly  compressed;  but  witb  only 
slight  crest  onbai^,  none  on  head. 
Head  small,  the  rostrum  reaching 
not  much  below  middle  of  valves, 
though  longer  than  anteonules. 
Post-abdomea  long,  lender; 
lower  angle  usually  poducsd  Into 
a  lobe;  10-12  margiaol  denticiea. 
Claws  of  Camflocercui  type.  S 
Klie  9;  rostrum  shorter;  poat- 
abdomen  with  small  dentides;  vaa 
deferens  opens  on  ventral  (upper) 
tide;  stronti  hook  on  Brat  Coot. 
Color  yellowish,  transparent. 
Length,  9,  0.6  mm.;   g .  0.4  mm. 

Found  in  all  regions  amoux 
weeds  in  pools  or  lakes. 

Fio.  ii».    Kwiia  lalltiima. 

lag  (124,  13a)  Crest  on  head  and  valves;  post-abdomen  broad,  without 
marginal  dentides.  .  .  .  jlcro^wMi  Baird  1843  .  .  130 
Body  thin,  compressed;  crest  on  head  and  back.  Valves  subquadtate,  obliqudy  striated; 
infero-prateal  angle  rounded  or  acute,  usually  with  teeth.  Post-abdomen  large,  comptessed; 
without  marginal  dentides  but' with  lateral  row  of  squamae.  Claws  long,  straight,  with  i  basal 
aiine  and  secondary  denticles,  much  as  in  Camplacerius.  Inteitiae  with  large  mteriinal  cecum. 
Eye  larger  than  ocellus.    Odor  yellow-tiansparent. 
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130  (131)    Dorsal  maigin  much  arched.  .   .   .    Acroperus  harpae  Baird  1835. 


Eye  and  ocxUus  near  nuigbi.  Ros- 
trum acute.  Eleven  to  twelve  group*  ot 
fine  apinules  on  poal-Bbdameii.  Length, 
9.too.Hmin.;    i  ,  to  0.6  mm. 

Common  everj^here,  smong  weeds. 


131  (130)    Dorsal  and  ventral  margins  nearly  straight. 

Acropents  anguslalits  Sars 


1863. 


Crest  luger  than  in  A .  karpat;  eye  and 
ocellus  removed  from  miixiD  aoA  rostrum 
obtuse.    Lengtli,  $,  to  o.g  mm.;   S,  0.6 

Common  in  limilsr  situatkuiB  to  preced- 
ing spedrs.  Transitim  [onns  between  these 
spedes  may  be  found  tnd  very  probably 
they  should  be  united. 

Fn,  nil.    Aaapfnu  wfiMiii. 

rsa  (la*.  139)    No  crest.     .    ,    .   .   : 133 

133  (134)    Valves  not  tumid;  post-abdomen  broad. 

AlompHs  Sai3  i86a   ,   .  133a 


General  fonn  resembling  Acroperus  but  lencDm- 
pressedaiid  without  crest.  Keel  of  labrum  moderate 
or  small,  almost  triangular.  Valves  obliquely  striated 
but  striae  often  inconspicuous.  Post-abdomen  long, 
broad;  with  well-devdoped  marginal  denticles.  SJi 
~  's  of  feet,  the  last  very  unall.  ^  with  usual 
Color  yellow. 


lanofiis  tloHuna;  b,  Ahncfni  a 
(Ahet  DnoliiifE.I 


133a  (1 336)     15-17  marginal  denticles Ahnopsts  ^(mgala  San  1861. 

.   Minute  tooth  at  infero-poateat  angle  of  valves.    Post-abdomen  with  lateral  bsddes.    Length, 


'336(1331)     About  1 1  marginal  denticles.   .  Alonopsts  aureola  Dooiittle  1912. 
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^34  (133)    Valves  tumid  in  aaterior  parti  post-abdomen  nairow. 

Euryaiona  Sara  1901. 
Sole  American  species Ewyaiona  ocddeitlalis  Sara  ipot. 

Genenl  fonn  naem- 
blin«  KuTMia,  but  leas 
compressed;  do  crest. 
Valves  pping  in  front, 
tumjd  m  infero-ante- 
rior  regioa;  muked 
obscurely  with  concea- 
trie  Unei;  domi  our- 
gio  arch  Ed.  Keel  of 
labniin  angled  bdund 
but  not  prolonged. 
PoBt-abdomea  very 
long,  slender,  lobed  at 
•pexi  witb  about  10 
macgintJ  and  very  fine 
ktenl  denticles. 
Fm.  ii>4'    Smyalam  tttUntiHi  San.  Gaws  stnught,  armed 

about  as  in  Cam^ 
araa.  Five  pain  ol  feet;  hooli  on  fint  foot  of  9 .  $  with  stroDg  hook;  vu  deferens  opens  on 
npSiec  (ventnl)  side  of  post-abdomen  about  middle.    Color  dark  brown-yellow.    Length,  9 .  lo 

Florida,  Louiaana,  Texas;  not  uncwnmon  ia  weedy  pods  and  lakes. 

13s  (113)     Body  not  greatly  compressed;  claws  with  i  basal  spine,  or  rarely 

none 136 

Fot  all  species  with  two  SfHnes  on  terminal  daw,  see  in  ft. 

136  (168}     Rostrum  not  greatly  exceediiig  antennules 137 

137  (167)     Rostrum  pointed 138 

138  (150)    Infero-poBteal  angle  rounded,  without  teeth 139 

139(144,147)    Post-abdomen  with  marginal  and  lateral  denticles.  .   .   .  140 

140  (143)    Post-abdomen  relatively  long  and  narrow;    marginal  denticles 
numerous,  longer  distaliy-     Basal  spine  stout  and  long, 

OxyureUa  Dybow&ki  and  Grochowski  1894  .    ,     141 

In  general  Uke  Alima.  Post-abdomen  ton|,  slendeij  with  marginal  and  lateral  dentides, 
the  Former  nmneroiu  andendingin  a  group  ol  large  denudes  at  angle  of  post-abdomen.  Tenni- 
nal  daw  Uraight,  with  one  large  basal  spine,  attached  some  way  distal  to  base  of  daw.  Color 
yellow  or  ydlow-brown.    This  genus  is  Ibe  same  as  OdeiilaUiui  Biige. 

141(143)     1 2-1 5  marginal  denticles.  .   .   .  OxyureUa  ImuicaudU  {Sara)  1&62. 

Marginal  denticles  veiy  small  near  anus; 
the  distal  4-5  much  laner:  tbe  penulti- 
mate' largest.    Length,  y,  ca.  as  mm.; 

Widely  distributed  but  not  abundant 
anywhere.  New  England  and  Wisconsin 
to  Gulf  of  MeiicD.  This  spedes  is  Xfooa 
leimkaudii  Sars. 

Flo.    iiij.    Qtyurtila   InwcanJii.    Apn  of 
pfat.abdomm.    (SecakoFJg.  uig,  fr.) 
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143(141)     About  16  marginal  denticles.  .   OxyureUa  iongicaudis  (Bixge)  i<)io. 

Bctwem  Alana  and  Euryahmi  io  form. 
Valvra  -with  oooceatric  maning.  Aboul  16 
msniiDBldeatidca.  lugerduUUy;  the  pe- 
Dultimate  much  laigei,  aad  tbe  ultimmte 
larfier  still  and  serrate  oa  amove  ^e. 
Basal  spine  itouC,  attached  about  oae-third 
way  from  base  of  claw.  }  unkoown. 
Length,  9 1 0'5-o.6  mm. 

Rather  rare  among  weeds.  Lake  Charlei, 

Flo.  ii>6.    Or^wdla  lentbatidit. 

143  (140)     Post-abdomen  not  noticeably  narrow;  distal  denticles  not  conspicu- 

ouslylarger.  Basal  spine  small.    i4/0Ma(mostspccies).   .  151 
Take  up  the  key  *t  the  oumbet  btdkated  where  the  genus  is  discussed  as  a  unit 

144  (139. 147)    Poat-abdomen  with  margiiiEl  denticles  only 145 

145(146)    Fost-abdomen  large,  denticles  very  smoIL  Alondladiapkana.  .  23,6 

Turn  to  the  key  at  the  Dumber  indicated  where  the  ipedes  named  is  diicuned. 

146  (i4s)    Post-abdomen  of  moderate  size;  denticles  of  usual  ^ze. 

AUma  guilala  .    .   156 
Turn  to  the  key  at  the  Dumber  indicated  where  the  spedes  named  is  discussed. 

147  (i39i  144)    Post-abdomen  with  numerous  clusters  of  large  ^ines. 

Leydigia  Kurz  1874  .    .   148 
si. 

_ -  _  St- 

Bcmi-dliptical  in  form;    post-anal  part  much  erpanded,  ' 
'      "■  '    '     '    :3  very  long.     Claws  long  an^    '"' 
,   .wocess  on  upper  (ventral)  sii 
opens;   post-abdomen  mlh  spines.     Color  yellow. 

148  (149)  Valves  without  mailcings.  Leydigia  quadranguiaris  (Leydig)  i860. 
Keel  of  labrum  with  minute  setae.  Claws  with  basal  sfdne.  Length,  $,too.9nim.;  if.oa. 
In  alt  regions  of  the  country;  not  common;  found  angly  among  weeds. 

149  (148)    Valves  striated  longitudinally. 

Leydigia  acanihocercoidts  (Fischer)  1854. 
Eeel  of  labrum  with  long  dlia.  Claws  without  basal  spine-   Length,  9,  to  i.amm.oriiiare: 
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150(138)    Infeio-posteal  angle  rounded,  with  small  tooth  or  teeth.  ...     151 

151(166)  Valves  with  longitudinal  striae.  .  .  .  ^Zotmi  Baird  1850  .  .  153 
Getwnl  [orm  lubquadnite;  compnaed,  not  cmted.  Valve  with  lupeco-postcal  ingle 
muDdcd  or  veil  nurked ;  {nfen>-p(Hte>l  ui^le  rounded,  almot  thnyi  without  tettli.  Fotnice* 
broul;  rostrum  sbort  luid  Uunt,  little  exixcding  the  apex  of  the  antouuilei.  Antennules 
■hott.  thick;  oKactocy  setae  equal.  Keel  of  labrum  large,  ordinarily  nninded;  the  poiterior 
angle  not  ai:uiniDa.te,  Feet,  5  pain,  nidy  6;  the  6th,  if  pKtent,  oidlmentaiy.  PoM-abdomen 
broad,  compieaaed.  with  various  armature,  dam  with  i  baaal  qane  and  deoticulatc.  Color 
rdlo*  in  some  ihade,  varying  from  light  to  dark,  «rith  ihade  of  brown  In  latge  ^itdes.  All 
•pedes  littoral. 

■S3  (153)    Infero-posteal  anglewith  1-3  small  teeth. 

Alona  monacantha  Sara  1901. 


In  geneial  lonn  and  appeannce  not  unHhe  A . 
Valves  distuicthr  striated;   infoo- 
le  rounded  and  with  1-3  null  teeth. 

„-.  .  .n  with  Q-io  dentlda;   daws  with 

very  long  basal  >pine.    Keel  of  labrum  angled 
behind.     Length,  9,  0'3S~o>4  nun. 

This  qjcdes  may  be   confused  with   AlmuBa 
karua  (aja).    The  length  ol  the  basal  gpioe  00 
teimiDal  daw  offen  a  lesdy  distinction, 
'n  weedy  pools. 


1^1^ 


Fio.  luS.    Altmsm 


153(153)    Infero-posteal  angle  unarmed 154 

154  (155)    Post-abdomen  long,  narrow;  distal  marginal  dentides  very  long. 
See  Oxyurella  .    .     140 

155(154)    Post-abdomen  not  notably  long 156 

156  (157)    Post-abdomen  with  margjnal  denticles  only. 

AUma  guttata  Sars  1863. 

Fonn  much  like  A.  ctilata,  but  usually  smaller  and  denial  margin  less  arched.    Valvra 

■mootb,  striate,  or  tuberculate  (vu.  luberadala  Kun).    Post-abdomen  short,  broad,  sU^tly 

tapning  toward  apex;   truncate,  angled,  with  longest  marginal  dentides  nt  a  >    -^  •  - 

8-ia,  pointed,  small;  no  squamae.     Claws  with  small  basal  spine.     Post-abdomi 

T'nes;   vss  deferens  opens  behind  daws,  without  any  projection.    Length,  9 
,0.j-o.3Snim.     See  Fig.  11 J9,  it. 
Not  uncommon  everywhere. 


31  o[  (f  without 
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157(156)     With  maiginal  and  lateral  denticles 158 

158  (161)     Size  large;  14  or  more  marginal  denticles 159 

159  (160)    Cluster  of  fine  spinules  st  base  of  daw. 

Alma  qginis  (Leydig)  i860. 

Gre&test  height  usiuUy  aett  middle  of 
valves.  Vafves  loiig:itudiiuU1y  striated  or  re- 
ticulated, oftra  not  plainly  marked.  Labnim 
with  ifaomboidal  teti;  its  comers  oiten  ulu- 
lated, Bometimes  rounded.  Poflt-abdomen 
luge,  not  widened  behind  anus;  with  14-16 
serrate  marginal  denticles  uid  a  latenl  row 
of  imall  KjiMinae.  Clawa  hag,  danliculate; 
with  long  ba«al  viix  and  4-5  spinules  indde 
of  baial  qane.  Sx  nin  of  feet,  the  last  nidi- 
mentaiy.    Length,  $,  to  i.omm.;  f,  to  0.7 

The  largest  swedes  of  the  genus;  very  abun- 
dant in  all  resrans.  in  margin  of  ponds  and 
lakes,  amoog  weeds. 

Fia  1130.    Altma  rfffali. 

160  (159)    No  spinules  at  base  of  claws. 

Aloita  quadrangularis  (0.  F.  MUUer)  1785. 

Greatest  height  usually  posterior  to  middle  of  valves.  Valves  usually  plainly  striated, 
lometimes  conspicuously  so,  with  a  reticulated  area  in  infero-anterior  recioD  (var,  lefida  Biige). 
Labrum  with  large  keel  of  variable  form;  often  quadrate  or  with  rounded  angles.  Post-abdo- 
men large,  flattened,  donal  maigin  dilated;  with  15-18  serrate  nuugioal  dentides  and  row  of 
lateral  squamae.  Claws  large,  with  luig  basat  spine;  no  spinules  on  inside  of  basal  ^ane. 
Length,  9 ,  to  o.g  nun.;  X ,  to  0.6  mm.  Sco  Fig.  1119,  a.  In  similar  localities  to  preceding 
species;  also  on  bottom  of  open  water. 
161(158)    Size  moderate  or  small.    Fewer  than  14  denticles. i6> 

This  section  of  the  genus  needs  mudi  additional  study,  lliere  ore  specie*  and  nunetDus 
varietjts  beside  those  listed. 

162  (163)  Lateral  fascicles  or  squamae  do  not  extend  beyond  dorsal  margin 
of  poat-abdomen Alona  coslala  Sars  1861. 

Evenly  arched  or  greatest  height  behind  middle;  posterior  margin  convex.  Valves  striated 
or  smooth.  PoM-abdomen  short,  broad ;  with  itraight  dorsal  (lower}  margin,  tapering  toward 
apei;  with  about  iisubeaual  denticles  and  a  row  of  fine  squamae.  Post-abdomen  of  ^  taper- 
ing; DO  marginal  denticles;  veiy  fine  squamae;  vas  deferens  opens  at  apex  of  procaa 
extendinc  out  ventral  to  (above)  daws;  dawi  without  basal  spine.  Length,  9 ■  °S  mm.  or 
more;   S.o^tbbi..    Sec  Fig.  1119,  e. 

FoiUM  everywhere  and  very  abundant. 

163(161)    Lateral  fascicles  long,  extending  beyond  dorsal  margin.  .    .    .     164 

164  (165)    Post-abdomen  not  broadened  toward  apex. 

Alona  reclangula  Sars  1861. 

Body  evenly  arched;  general  form  like  A.  pOtala.  Valves  striated,  reticulated,  or  smooth, 
rarely  tuberciJate;  ventral  margin  usually  somewhat  convex.  Post-abdomoi  short,  slightly 
enlaced  toward  apex,  angle  rounded ;  with  S-Q  marginal  dentides  or  bundles  of  setae  and  about 
as  many  fasddes,  the  distal  long  enough  to  project  beyond  margin  of  post-abdomen.  Intestine 
without  cecom,  enlarged  at  junction  of  intestine  and  rectum,  somewhat  as  in  Ilyocryptm, 
Length,  J,  0.3s  to  043  mm.     See  Fig.  1119.  e.l. 

fjmiiwnn  everywhere.    Most  qiedmeni  found  beliHig  to  var.  pukkrt  Hellich. 
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i6s  (164)     Post-abdomen  broader  toward  apex.     Alona  intermedia  San  1863. 

Body  eveoly  udied  but  not  vny  high.  PoU-<U>domen 
long,  broad,  enlktSEd  towanl  apu,  with  tounded  angle;  the 
8-g  marginal  denticles  rather  unalt  and  thick;  the  latenU 
denticles  01  (ladcles  much  more  coospicuoiu,  cousstiug  of 
bundles  of  fine  setae.  The  distal  seta  in  each  bundle  is  the 
largest  and  the  size  of  setae  increaaes  toward  apex  o(  poU- 
abdomen.  The  diiUl  bundles  project  bqrond  margiD  of 
post-abdomen.    Length,  'i.a..04iom.    Sceng.i"*   ' 

"  '  lens  dosely  1  '"'  '  "''  '  "  ' 


166(151)     With  oblique  Striae AloneUakania  . 

Turn  to  the  kty  at  the  Dumber  indicated  when  the  vpctia  ncned  i*  HiKiiwfd. 

167  (137)    Rostrum  broad,  semidrcular Grapid^>enT  Sars  1863. 

Sole  spedes. Graptokberis  testudinaria  (Fischer) 

■u  '^^'v,  -ojTva  >uJhead  with 

^ 1    reticulation.      Head   ti 

fomii  very  broad,  ionning  a  Kmidtc  — 
rostrum,  covering  antenuides  and  extdd- 
ing  down  as  far  as  ventntl  nuii^n  ol . 
valves.  Post-abdomeo  bent  at  the  sharp 
pre-anat  angle;  tapered  toward  claws,  so 
that  form  is  nearly  triangular;  marginal 
spines  small;  lateral  fasdclei  minute,  some- 
times wanting.  Claws  small,  with  i 
nute  basal  spine,  somelimea  wanting  (> 
McniMi  Birge);  $  with  long,  stoider  post- 
abdomen,  without  spines;  vas  deferens 
opens  on  veatraJ  side;  claws  very 
hook  of  first  foot  slender. 
Color  gray  to  ydlow-while;  sometimes  opaque.    Length,  9,  0.5-0.7  mm.;  J,  0.5 


Fto.  iisi.   GnfliMtfii  miudiiiatia. 


Common  among  weeds  01 


n  bottom  of  pools  and  maiglu  of  lakes. 


168  (136)    Rostnun  considerably  exceeding  antennules 169 

169  (170)     Post-abdomen  with  marginal  denticles  only.    Alottdla.  .  240,  14* 

Turn  to  the  key  at  the  numbers  indicated  where  two  species  are  discusKd. 

170  (169)     Two  to  four  marginal  denticles;    long  series  of  lateral  denticles. 

Rostrum  very  long,  recurved.   .    .    Rhynckotaiona  Norman  1903, 
Sole  species Siiynckolaiona  falcata  (Ssxi)  1S61. 

Gaieral  form  of  body  like  Alona.  Sm- 
trum  very  long,  slender,  and  recurved 
under  the  head.  Post-abdomen  gtout, 
thick,  bent  at  anus,  truncate  at  apex; 
with  about  four  rather  stout  marginal 
dentides  near  apex,  and  a  lateral  series, 
continued  nearly  to  anus,  of  very  fine 
spinules  in  an  unbroken  row.  Intestine 
with  cecum,  X  (European)  with  long 
rostrum,  bilobed  at  apex;  post-abdomeD 
tapering  and  armed  with  halis  only;  ordi- 
nary hook  on  first  foot.  Color  yellow  or 
greenish.   Len^.f,  0,5mm.;  J.o^nim. 
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171  (laa)     Posterior  margin  of  valves  considerably  less  than  marimum  height, 

173 

All  ipedei  of  Pleurexui  belong  hcic;  also  AlontUa  txciia  ■od  txigua. 

171  (304)     Body  elongated,  fonn  not  spherical I73 

173  (i74>  175)     Lower  part  of  posterior  margin  excised  or  crenulated. 

Almella  excisa,  A.  exigva  .    .     144.  345 
Turn  to  the  key  at  tbe  bumbers  indicated  where  two  species  are  discussed. 

'74  ('73i  175)     Posterior  margin  with  numerous  teeth  along  whole  length. 

Pleuroxus  procumalui,  P.  Iruncahts  .    .     188,  191 
Turn  to  the  key  at  tlie  numbers  indicated  where  two  species  are  discussed. 

175  (i73i  174)    Teeth  (if  any)  only  at  infero-posteal  angle 176 

176(179)     Infero-posteal  angle  well  marked,  ordinarily  with  teeth.    .    .     177 

177(178)    Rostrum  long i'/«raH*f  most  species  .   .     186 

Take  up  tbe  key  at  the  number  indicated  where  tbe  genua  Is  discnaaed  aa  a  unit. 

178(177)     Rostrum  short Alondla  dentifera  .    .     233 

Take  up  the  key  at  the  number  indicated  where  tbe  genus  Is  discusiecl  aa  >  unit. 
N.B.     If  the  rostrum  is  broad,  aemi-drcular  at  end,  sec  167. 

179(176)    Infero-posteal  angle  rounded 180 

180  (t8s)     With  well-marked  tooth  or  teeth 181 

181  (iSa)     Rostrum  long,  recurved Pleuroxtts  striatus  .    .     195 

Tutu  to  tlie  key  at  tlie  number  indicated  where  the  ipedea  named  ia  discuaaed. 

i8a  (181)     Rostrum  short Dunhevtdia  King  1853  .    .     183 

Genenl  shape  rounded.  Valves  tumid,  gaiuig  below;  obscurely  reticulated;  inferD-paiteal 
•ntfe  rounded,  with  i  or  3  teelh  on  ventral  maroD  in  front  <rf  angle.  Post-abdomen  bent 
aboiptly  bdiind  anus;  post-anal  part  thick,  somewhat  foot-sfaaped  as  seen  from  dde,  its  dorsal 
(knter)  margin  lying  parallel  to  ventral  margin  of  valvea;  wltli  many  fine  denticles  and  setae. . 
Claws  short,  curved,  with  i  basal  spne.  $  with  usual  cbaracten;  post-abdomen  tame  ilufw 
«a  9,  with  fine  haira  only. 

183  (184)    Form  short  and  high,  as  dorsal  margin  is  much  arched. 

Dunhetedia  setigera  (Birge)  1877. 


zjs. 


Eeel  of  labnim  produced  into  a  somewhat  tongue-like 
form,  ita  ventral  margin  amooth.  Color  yellow.  Length, 
?,  to  0.5  mm.;   d'.  ca.  o.j6  mm. 

New  England  and  Wisconsin  to  Colorado.  Louldana, 
andTeias.  NotoHmnon;  amongweeds.  Peiiiaps identi- 
cal with  D.  (rana  King. 
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184  (183)     Form  more  elongated,  as  dorsal  margin  is  little  arched. 

Dunkevedia  serrala  Daday  1S98. 

Usually    :    teetb    at    infero-poiteil 


a  interior  part,  smooth  be- 
mna;  >dou(  10-11  •cmtions.pointins 
backmid.  S  unknowD.  Color  yel- 
low. LcDgth.  9  ■  ^'  0-7  nun, 
'  '  '  «,  Teuu;  in  pooU  aad  like* 
-"-  -It  abuDdant. 


186(303)    Claws  with  3  basal  Spines.    .   .   .    Piewoxus  Baiid  1843  .   .    187 
Rostrum  long  and  pointed,  rarely  bent  [ocvaid.    Dorsal  mai^n  much  arched;   posterior 

nuigin  short,  usually  [ess  than  OQe-halC  hdght,  lareiy  toothed  *iong  eutiie  lensth;  infeto- 
posteal  angle  rarely  lounded,  usually  sharp  and  toothed.  Keel  of  labrum  IsTge,  usually  lonffue- 
shsped;  posterior  angle  prolonged.  Post-abdomen  with  marginal  denticles  only,  if  smaller 
!>!■"  9,  with  usual  diaracters;  post-abdomen  varies  in  different  spedes. 

Three  typws  of  form  are  distinguishable  in  the  genus:  (i)  relatively  long  and  low  spedes: 
ilrialui  type  (P.  itrialui,,  haslaiiu,  liamuialiis);  (1)  short,  high-arched  foims:  detUiiutaliu 
type  {P.  dinlkulalui,  adunitu,  triiondiua,  MncaMu);  (3)  tbe  second  (oim  with  rostrum  beat 
foFward:  (F.  procimatiu,  uiKtiufvj).    All  spedes  littoral. 


187  (190)    Rostrum  bent  up  in  front 188 

188  (189)    Rostrum  bent  sharply  into  hook;    teeth  along  whole  posterior 

margin  of  valves Pleuroxus  procurvatus  Birge  1878. 


General  form  and  markings  Uke  P.  derUiailatui.  Posterior 
margin  of  valves  with  ^-i  teeth  along  the  whole  length. 
Post-abdomen  like  P.  denliiuialni  but  slightly  more  broad- 
ened behind  anus,  d  unknown.  Color  yellowish,  ttanipu'- 
entOTopeque.     Length,    9.ca,o.smm. 

Northern  slates,  anomoa  in  weedy  waters, 

no.  tij6,    PItmim 


189  (188)    Rostnmi  merely  curved  forward;  teeth  at  infero-posteal  angle  only. 
Pkwoxus  uncinates  BaJrd  1850, 

Infero-posteal  angle  with  1-4  rather  long,  curved  te«h, 
sometimes  branched.  Rostrum  long,  acute,  bent  forward. 
Post-abdomen  like  P.  Iritmdltis,  broad,  somewhat  tapered 
toward  apex;  about  13  good-sized  marginaldentidt^.  Color 
dirty  gray,  or  with  green  or  yellow  tinge.  Length,  9, 
o.j-o.g  mm.;   J  (European),  0.56  nun. 

Nebraska  (Fordyce).  The  spedes  is  very  dose  to  P 
irifoiuUia,  separated  by  procurvwl  rostnun  and  lain  teeth 
at  infero-posteal  angle. 

F».  IIJ7.    Ptnrenu  ih 
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190  (187}    Rostrum  not  bent  forward 191 

191  (193}    NumeFOUs  teeth  along  whole  posterior  margin. 
Pkuroxus  iruHcatus  (0.  F.  Mailer)  1785. 


Poiterior  margiii  with  aumerous  (mote  than  ao)  dot- 
act  teeth;  valves  striated,  the  striae  on  middle  of  valves 
nearly  kjn^tudioal,  the  othets  oblique.  PoiC-abdo- 
men  much  lilce  P.  Iritandiut,  slightly,  taperins  toward 
apex,  angle  rouaded;  13-14  mu^iul  dentidea.  iDiivas- 
lag  in  siie  distally.  Color  yellow-brown.  Length,  ?, 
ai.  0.6  mm.;   if  (Europeaii),  0.4s  mm. 

Nebraska  (Fordyce). 


Flo.  niB.     Pltmam  Ir 


191  {191)    Teeth  at  infero-posteal  an^  only 193 

193  (196)     Post-abdomen  long,  slender,  convex  on  ventral  (upper)  aide.  .     194 

194  (195)    Supero-posteal  angle  sharp  but   not  projecting;    infeio-posteal 
angle  a  sharp  point PUuroxtts  hasUUus  Sars  i86z. 


New  Elnglaud,  Wiscoomn,  Nebraska, 


Plairiaia  lualalv. 


Pleuroxm  slriatus  Schoedler  1863. 


GenenU  shape  much  like  P.  ioilafiu 
but  oevet  so  high  arched  as  thii  may  be. 
I  Valves  obviously  striated.  Post-abdocnen 
'  toDg,  slender,  with  30,  or  tuore,  margiiial 
denticles.  Color  dark,  espedally  opaque 
ondoisal  side,  oiten  neatly  black.  Length, 
9.  ca,  0.8  mm,;  <f,  ca.  0.6  mm. 

In  all  parts  of  United  States;  commoa 
among  weeds. 

This  ipedn  is  P.  gracilis  Hudendort; 
P.  mtiiUnt  Birge. 
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196  {193)     Post-abdomen  of  moderate  length;  ventral  (upper)  margin  straight, 

or  nearly  so;  greatest  width  behind  anus igy 

197  (aoo)    Angle  of  post-Abdomeo  sharp,  with  cluster  of  spines  at  apex.   .     198 

198  (199)    Teeth  at  infero-posteal  angle  of  valves;    no  hook  on  first  foot 

of  female Pleuroxus  detdiculaHa  Birge  1877. 


Infeio-posteal  angie  with  nnall  tooth- 
Kkc  qtines.  Post-abdomen  moderately 
long,  straight,  very  little  narrowed  toward 
apci;  length  of  post-anat  part  i.s  times, 
or  more,  uat  of  anal  emaigination;  apex 
truncate;  with  chister  ol  Gne.  straight 
dentides  at  apex  and  8-11  uitcdor  to 
these.  Color  greenish  w  yellowish,  tuu- 
mlly  tranqment.  Length,  9i  0.5-0.6 
mm.;    S.o.ibmm. 

Common  eveiywhcK  in  weedy  water. 


199  (198)    Infero-posteal  an^e  rounded;  first  foot  of  female  with  stout  hook. 
Fleuroxus  /lamuifltus  Bilge  1910. 

Inlero-poateal  angle  rounded,  without  teeth;  valves  reticulated;  also  marked  by  very  fine 
ttiiae,  which  run  nearly  loogiCudinaily.  Rostrum  knu.  recurved.  Keel  of  labnun  null, 
rounded,  prolonged.  Post-abdomen  much 
like  P.  derUicuIaius,  but  with  apex  more 
rounded  and  denticlei  not  so  crowded  thett. 
Dentidesabout  1J-14.  J  unknown.  Color 
bom-ycUow,  oiten  dark  on  dorsal  side  like  P. 
sirialiu.     Length.  9 ,  ca.  0.6  mm. 

New  England  and  southern  states;  prob- 
ably a  coastal  farm;  oot  reported  from  north 
central  region.     Common   In   pods   and 


h,  paa(.sbdobeiL 

o  (197)     Angle  of  post-abdomen  roimded. 
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I  (303)  Series  of  margifial  depticfes  longer  than  anal  emargination;  post- 
abdomen  of  male  broadened  in  middle  of  post-anal  part 
with  crescentic  dorsal  margin. 

Pkuroxtu  Irigondltts  (0.  F.  Mflller)  1785. 

Form  of  P.  dentiailatiu  Im.  Infeto- 
poMed  ugle  witb  1  or  3  tmaU  teeth,  oftoi 
miaute,  sometinies  wintiiig.  Fott-ibdo- 
men  much  m  P.  dentiathtui;  but  doml 
mugin  dightly  coDvez,  hniulet  beUnd 
unit;  kpet  Touaded;  14-16  muiiiul  den- 
tidei,  Soaaa  tomid  tft^  bnt  not  (fi»> 
tioctly  diuterad  there.  $  poM-abdomm 
li  cfauuXeiittic;  bm&deiied  behind  turn 
Into  ■  aemi-eUiiidcal  plat^  bcuiDg  thick- 
■et  hiin,  no  quaes;  gnUiy  uiiowed  to- 
ward ■PCX,  famine  ■  almdar  prolongation. 
Color  yeUowiih,  truivkrent;  post-abdo- 
men often  dark.  1  *"gt*'.  9,  0.6  mm.; 
g ,  o-(  mm. 

Not  coounon;  Maine,  WiKaian,  Nfr- 
briska;  doubtleai  widely  distributed. 


903  (301)    Row  of  marginal  denticles  about  equals  anal  emargination;  male 
post-abdomen  not  crescentic. 

PUuroxus  aduitcta  (Jurine)  iSso. 


„ s  itriUad;  In- 

fno-pa«teal  angle  uiiuUy  without  teetb.  Poat- 
abdconen  iborter,  the  length  of  poat-anal  part 


hai^ 


■lightly  ardied,  with  9-ia  ""'tf'Hi' 


very  different  from  P.  f , 

than  $,  tapered  toward  daws;  no  dorsal  en- 
laigcmentorapicalprolongation.    ColorhMD- 
yeOow,  somctimn  opaque,     I,ength.   9>  °^ 
0.6  mm.;    3' ,  ca.  o.4f  mm. 
CotoTBdo,  California.    Among  weeds  01  in 


F10.1145-    i 


303  (1S6)     Claws  with  i  basal  spine.   .    .    .     Aloneila  (most  apedes)   .    .     330 
Take  up  the  key  at  the  number  indicated  when  ooe  subgenus  is  discussed  as  a  unit. 

304(173)    Body  Spherical  or  broadly  ellipsoidal 305 

305  (loS)    Well  marked  or  small  spine  at  infero-posteal  angle 306 

306(307}    Valves  conspicuously  striated AUmeUanana  .    .     343 

Tun  to  the  key  at  the  number  indicated  where  the  q>ecies  it  disouDed. 

907  (306)    Valves  reticulated  or  not  [Mnly  mariced.    Ckydonu  barroiti 

Ckydorus  hybridut  .    .     936,  337 
'nun  to  the  kqr  at  the  nunbets  toJioted  whete  the  two  qitde 
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3o8  (305)    No  sfune  at  infero-posteal  angle 309 

'  aog  (aio)    Valves  with  conspicuous  projectioa  on  antero-vetitral  margin. 

Anckistropui  Sarg  1861. 
Sole  American  spedes j4ffcAMft-o^mt>«vBitge  1&93. 

Poim  globuUr.  Ventnl  rcsioa  tuuid  •nteriody 
and  vcntni  nurgfn  ol  valves  bent  shaiply  away  from 
each  other  about  oDe-thitd  way  txata  (rant  and  the 
valve  folded  out  into  a  hollow  groove  and  tooth, 
which  coDtaiot  the  atrong  hoiA  of  tbe  6nt  foot. 
Head  laise,  bulging  over  eye,  the  tormcta  broad  and 
forming  a  tort  of  da[>-like  roatnun,  which  can  be 
doady  preaaed  to  the  valves.  Post^atidonien  broad 
at  baie,  pre-anal  angle  overiiuwiDg;  rapidly  naiTov- 
ing  toward  apei,  wnich  b  prokmged  into  a  lobe;  a 
lew  marsinal  ntinea.  Claws  with  V»Bg,  sleoder  basal 
I  qine,  dentlcutate  or  smooth.  Fint  foot  of  (  with 
strong  book,  toothed  on  roocave  side,  which  Ilea  in 
groove  formed  by  folding  of  valves. 

In  A.  miiur,  groove  for  hook  of  first  foot  near 
antcriorpartof  vatves;  hooknot  large.  Colorbrown- 
yellow.     X  uoknowD.    Length,  $ ,  ca.  o^s  mo. 

Maine,  Slichigan,  Wisconsin,  Louisiana. 
Fio.  1146.   Aiuiiilntm  mimr. 

310(209)     No  such  projection an 

3ti  (339)    Post-abdomen  ordinarily  short  with  prominent  pre-anal  angle. 

CAjdoriM  Leach  1843  .  .  iit 
Shape  qihertal  or  ovate.  Posterior  angles  little  marked ;  infero-posteal  angle  usually  un- 
armed. Antennulea  short  and  thick.  Rostrum  long  and  acute.  Poat-abdomen  usually  shut, 
broad,  rarely  long  and  oairow  (C  iMonu);  apa  rounded;  with  marginal  denticles  only  or 
(C  fifftonu)  with  very  fine  lateral  fasddes.  CUwi  with  i  basal  spines,  the  proximal  altta  very 
minute,  nrdy  abaoit.  S  with  short  rostrum,  thick  antennule,  bai>k  oo  Gist  foot,  poet-abdomen 
cftes  vny  narrow. 

313  (313)     Post-abdomen,  long,  narrow,  Pleuroxus-)ike. 

Chyd^us  globosut  Saiid  1850. 


Almost  ipheriixl;  valves  smooth  or  reticulated,  sametimes 
striated  in  front.  Post-sbdomen  with  small  pre-anal  angle; 
numerous  margiosl  denticles  and  very  fine  lateral  fasddes. 
Claws  with  1  basal  spines,  the  distal  very  long  and  alender. 
Color  bright  yellow  to  dark  brown,  usually  with  dark  spot  in 
center  t^  valve.    Length,  $ ,  to  o,S  mm.;   S ,  o.fi  mm. 

Everywhere;  in  lakes  and  ponds,  among  weed^  but  never 
present  in  very  large  numbers. 

C.  gtoboaus  might  well  be  type  d(  a  separate  genus.    The  other 


proper  { 
fatfftrmti 


Janftrmu  group,  similar  to  (i)  bul  with  greatly  developol  ci_.._ 

ular  structures   (C  fatfftnms,   bUenmtmy,    {3)  The  bvreui 

_   _.,.■.. _..!.. J  i_i. j__..-_i — '  poat^idomen shortest 


,    Ckyitrm  iMtiut. 
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913(313)    Post-abdomen  short,  broad;  pre-anal  angle  marked 914 

314  i"Si  31^)    Sheil  covered  with  deep  polygonal  cells. 

Ckydorus  fatifoTmU  Birge  1893. 


Much  like  s^iairicm  la  form  and  die.  i 
nnluiown.  Catac  yellow  to  lisht  browoisa. 
I-ength.  9 ,  0.5-0.6  nun. 

New  Engl«nd,  WiKODsIii,  UJchlgui,  LouU- 


Fio.  I14S.    Cl]iitv>>>/«i'«nBu,  cutihd. 


315  (314, 116)     Shell  with  deep  polygonal  cells  and  cuticular  ridges. 

Ckydorus  bkomtUut  Doolittle  1909^ 


Like  faiif'rmii  in  having  deep  polygoa*] 
cuCiculu  celli;  but  distinguished  by  Ule  de- 
velopment ol  in  extnordiouy  and  coniplex 


(u  beyond  the  ordinary  o 


ridget.    j  unknown.     Color  yellow.    LoiEth, 
5.  to 0.7  nun, 
Uaine,  New  Hampihite,  and  New  Jeney. 


Fio.  1149.  Ckydnnu  Uamuliu.   (Alts  Doolittle.) 


316  (214,  ais)    Shell  of  ordinary  type ai? 

217(335)    Ventral  edge  of  keel  of  labrum  anuwth 318 

318  (319)    Antero^orsal  surface  of  valves  and  head  flattened. 

ChydoTUS  gibbus  Lilljeboig'  i88a 


The  curve  of  the  dorsal  surface  k 

both  in  front  and  behind,  nuking  a  sort  of  hump  in 
center  of  doisal  margin.  Valves  reticulated.  Head 
small;  rostnini  projects  from  valves  in  duracteristic 
way.  Post-abdomen  with  S-io  manpnal  dentide^ 
Color  yellowish  to  brown.    Length,  9 .  0'5  mm.        , 

Lake  Superior,  Wisconsin.  Mkhigan;  am. 

This  spedes  is  C.  rxfufonu  Forbes, 
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319  (31S)    Donal  surface  not  flattened;  form  usually  ^Aerial  or  broadly 

ovate ISO 

330  (333,  314)    Small  forms  not  exceeding  0.5  nun.,  usually  less.    ...    331 

331(333)    Fornices  gradually  naiTowins  into  rostrum.    All  olfactory  setae  on 

end  of  antennule.     Ckydorus  spkaaiau  (0.  F.  Mtuler)  1785. 

Spherical  or  broadly  dUptical.  ShdlttHully  reticulated, 
■ometimes  iniooth  <vu.  nitUta  Schocdlcf),  aametimc* 
puncute  <VM.  famUtia  HcUidi),  or  wi^  dcvationi  (vu. 
cMlalw  Sdiordler).  PoH-abdomen  with  S-g  miicinil 
dentidet.  0«m  BmaUjprodiiMl  bud  vine  very  nuDutc 
S  with  poBt-abdomoi  much  emaniiutc.  Color  light 
ydknr  to  duk  brown.  Lcnfth,  9,0.3-0.5  mm.;  $, 
0.1  mm.  SnuU  limnetic  ibtmi  cooUltute  vir.  anaor 
LiUiebolg. 

The  commonett  of  ill  Cbdocen;  found  «ll  over  the 


Fn.  mi.   Ctyitnu  ifturkm. 

333  (331)     Formces  abruptly  narrowed  into  rostrum.    Two  olfactory  setae 

on  side  of  anteimule Ckydorus  piger  Sars  1863. 

Genoal  fonn  much  like  C.  iphattiais.  Ventrat  muwn  of  valves  daudy  dilated;  valve* 
ordlnMily  marked  by  oblique  rtnae,  sometimes  amooth.  Fomicts  abruptly  aarrowed  at  rostnun. 
Antoukule  with  usual  lateral  sense  seta  aad  two  olfactory  setae  oa  side.  Poat-abdomm  with 
8-g  nthci  loiig  marsliul  denticles.  Claws  with  i  baial  spiaes.  the  proximal  one  minute.  S 
poM-abdomen  narrow,  but  not  excavated.  Color  li^  to  dark  yellow.  Length,  9  •  <>■  °-4 
Dun.    Ran;  reported  only  from  Maine. 


A 


Fio.  iisi.    Ckyiant  tUf-    Entire  qiedmen  sad  lower  lide  ol  Ratrain  with  aatennnlet. 

933  (>3o,  334}    Larger  forms,  to  0.8  mm.    Antennules  short  and  thick  vith 
all  olfactoiy  setae  terminal.  .   .   .  Ckydorus  lotus  Sars  1863. 

Much  like  ttkaerkus,  but  larger.   Mandible  attached 

tome  way  back  of  juniiion  of  head  and  valve.    Denti- 

des  of  post-abdomen  10-11.     Claws  sometimes  with 

only  I  b«sal  spine.    Color  dark  ydlow-biown.   Length, 

I  9 ,  to  o.r-0.8  mm. 

Rue;  Canwla,  neu  Lake  Erie. 
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324  (330,  333)    About  0.5  mm.    AntCDnule  with  one  olfactory  seta  proximal 
to  cluster  at  end Ckydonis  ovaiis  Kxars  i&j4. 


Form  round  or  bro&d  ovtl.  Post- 
kbdomeu  with  rounded  apex;  11-15 
maiginsJ  dentides.  Clairi  irith  3  b&sal 
spines,  the  pnnimal  minute.  Color 
ycllon,  tianspaient.  Length,  9i  to 
0.6  torn.;   tf  (European),  0.5  mra. 

Rue;  Nebruka. 


335(317}    Ventral  edge  of  keel  of  labnim  with  one  or  more  teeth.    .   .  .     336 


336^337,  338)    With  several  teeth;  short  spine  at  infero-posteal  angle  of  valves. 
Ckydonts  barroiH  (Richard)  1894. 


Fonn  4iid  size  much  like  iphatriaa,  tbough 
ventral  margin  is  less  curved.  Ked  o(  la- 
brum  acuminate  behind;  lenate,  with  four  or 
e  teeth.     Post-abdoiDcn  with  welt-devel- 


Flo.  1 15s.   Ckyiena  barreitt. 


337  (336,  338)    Wth  one  tooth;  infeto-posteal  spine  present. 

Chydorus  hybridus  Daday  1905. 


FiO.  1156.    Chyient  kiMdia. 
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338  (236,  327)    With  one  tooth  on  labnira;  no  ^tine  on  valves. 

Chydorus  poppH  Richard  i8{ 


like  kybridut  but  without  tsi^t  at  iDfeti>])OBtaJ 
angle.    Tooth  on  labrum  KiitKtimes  mall  ot  obio- 

Louiiluu,  California;   me. 

Veiy  probably  the  last  two  vedes  should  be 
Bated  as  varietirB  al  barreiti.  Tbex  qicdes  <nn 
fim  placed  in  Flewmu,  but  have  no  very  ckne 
affinity  with  either  Finraxut  or  Ckyienu;  might 
irell  be  made  a  Mpuate  geaus. 


.    Ckyimu  ttttd. 


This  genua  omsists  of  a  heterogeneoui  assemblage  of  fanns;  not  assignable  dsewhete  and  not 
eaiily  seDanhle.    There  are  3  sections  which  migbt  well  OHistitute  sepaiate  genera: 

(i)  ^iDwtfd  proper.  Rostrum  long,  slender,  recurved;  usually  con«vcuouidy  sc^  poM- 
abdomen  with  mar^nal  dentides  only;  daws  with  i  basal  spioe.  A.roitraia,  iaiaji, 
nana.  (3)  Paralt»eila.  Rostrum  short,  hardly  eiceeding  antennules;  poat-abdomen  whh 
very  small  maiginai  dentidcB,  with  or  witluiut  Lateral  fasddea;  daws  with  i  basal  qiine. 
A.  kama,  deniijrra,  diapliaiia,  ilBbutaia.  (j)  PlttmialoHtUa.  Rostrum  modErate:  post- 
abdomen  with  marginal  dentides  only;  claws  with  i  basal  qiines.     ^lEwonu-Eike.     A. 

330  (335)    Rostrum  short;  post-abdomen  with  margina]  and  lateial  dentides. 

331  (334)     Valves  with  infeio-posteal  angle  tcmthed 33a 

33a  (333)    About  3  fine  teeth;  valves  striated.  .  AloneOa  karua  (King)  1853. 

General  shape  like  Alona  and  easily 
taken  (or  a  member  of  that  genus.  (See 
151.)  Valves  with  oblique  striae:  infero- 
posteal  angle  with  1-4  minute  teeth. 
Foat -abdomen  broad,  expanded  behind 
anus;  apex  rounded;  with  about  8  minute 
■nar^nal  denticles  and  as  many  tateral 
(asddes,  much  larger.  Claws  with  i 
small  basal  spine.  Color  yellow,  tians- 
parent.    Length,  9,o.4Smm;  i  (South 
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S33  (232)    One  to  three  ratlier  strong  teeth,  valves  reticulated. 

AUmella  denlif era  Sa.mgoi. 

Bade  high  arched;  infero-posCeal  uislc  acute,  with 
1-3  (aiily  stnnig  t«etb.  Rostrum  rcachet  aemy  to 
ventral  margJD  oi  valves.  Poat-abdomeii  large, 
broad,  smewliat  expanded  behind  anns;  aux 
rounded;  witli  about  11  minuta  margiaal  deotidr^ 
and  as  many  very  minute  UtenU  losdcle*.  Clawi 
with  I  VMV  long  basal  s[hik.  Odor  yellow-brown. 
Length,  fca-ojlnm.;  ^.o^S""- 

Loui^ana  and  Texas;  not  rare  in  pools  and  takes. 

PN.  IIJD.  JlMMSa  dnti/cro,  wkh  derekiuiic  cphiiiiilaD. 


334  (331)    No  infero-posteal  teeth;  foim  rotund. 

AUmtUa  ^obulosa  Daday  1898. 

Sniall;  shape  oval-rotund;  head 
reaching  about  to  middle  of  valves. 
Valvea  striated;  ail  margins  rounded 
and  without  teeth.  Post-abdomen 
long,  narrow;  broadest  near  anui; 
about  II  minute  marginal  dentides 
and  B3  many  ilendei  tatend  fasddes. 
Red  of  labrum  with  3  notches. 
Color  yellow-brown.      Length,   9> 

Tbis  spedes  is  A .  tculpla  Sara. 
Fio.  iiEo.    Abucfla  (IdhitPH. 


335  (33°)    Post-abdomen  with  marginal  dentides  only. 


336  (337)     Denticles  minute;  post-abdomen  large,  bent  behind  anus;  no  in- 
feto-posteal  tooth  on  valves.    Alondlo  diaphana  (King)  1853. 

Head  ahoit.  roatnun  cot  reach- 
ing more  than  two-thirds  diatancc 
toward  ventral  margin.  Valves 
striated,  sometimes  punng  into 
rcticulatioa,  often  inconspicuous; 
inf  ero-postol  angle  rounded,  with- 
out teeth.  Post-abdomen  long, 
slightly  enlarged  behind  anus;  with 
□umoous  very  minute  marginal 
dentides  and  no  other  spue*. 
CLawsloDg;  I  baaalainne.  Length, 
9.  0,5  mm,;  S,  0.4  nun.  Color 
yellow,  tranapaicnt. 

Lomsiana,  Texas;  in  pools  and 
lakes;  ran. 

Fm.  1 161.    itlmwUa  diafkamt. 
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337  (336)     Denticles  of  ordinary  size;  infero-posteal  tooth  present.    .   .     338 

338  (343)     Claws  with  one  basal  spine 239 

339  (i4»)    Rostrum  long,  recurved. 240 

340  (341)    Shape  elongated  oval;  valves  striated. 

Alonelta  roOrata  (Koch)  1841. 

Gcseral  (orm  not  untike  a  Pltvrarvs  of  Che  striatut 
t3Tie.  Vdves  striated  or  reticulated;  itifeiti-pnteal 
angle  FDUDded  md  witb  Btinutc  tooth,  aometimes  ab- 
sent. Rottium  long,  Blender,  recurved.  Post-ab- 
domen moderately  long,  somewhat  tapering  toward 
apexi  angle  rounded;  9-11  imall  margiiutl  denCides. 
Claws  with  I  minute  basal  spine.  Color  yellow  or 
brown,  uiually  rather  dark.    Length,  9,  ca.  0.5  mm.; 

Ralhei  rare;  reported  from  New  England,  Midii- 
„ _  ^___  gan,  Wiscoostn,  Minnesot«;  probably  to  be  found  in 

Fn.  ii6>.    AUmiBa  rttlnU.  This  spedn  ia  Plamau  oculiTBilrit  Bitge. 


841  (240)     Shape  short  oval;  valves  strongly  reticulated. 

Atondla  dcdayi  Birge  191a 

Shape  oval-rotund.  Valves  ttrongly  teticulated 
all  over;  in(ero-po9teal  ang^e  rounded,  with  sev- 
eral  minute  teeth.  Rostrum  long,  pohited.  re- 
curved. Keel  of  libmm  acuminate  Dehind  and 
its  roai^n  with  i  prDjection.  Foat-abdomeD 
short,  wide;  pre-anal  angle  Urongly  marked,  a* 
in  CkvJonu;  with  numerous  small  dentides;  apex 
rounded.  Claws  with  i  basal  spine.  Color 
yellow  to  brown,  often  opaijue.  Length,  9 . 
0.15-0.3  mm.;  S  (South  Amenca).  0.1  nun, 

Louisiana,  Teias:   not  rare  in  weedy  pools. 

This  spedea  ii  Lttlorkynckut  itntytr  Daday, 
whose  spedfic  name  has  to  be  changed  on  remov- 
ing toAloiulia,  as  Sara'  qiedes  A,  ienlifera  pre- 
occupies the  name. 

Fio.  11G3.    Altmtta  iaiayt. 


343  (339)     Rostnun  short  or  moderate;    shape  globose;  valves  conspicuotisly 
striated AhndJa  nana  (Baird)  1850. 

Very  minu 
spicuously  9l 
Soslrum  vai 


iwnish,  usually  opaque.    Length,   9 1  a.i-o.al 


,db,Googlc 


THE  WATER  FLEAS  (CLADOCERA)  737 

343  (338)     ClawB  with  1  basal  spines;  posterior  matgin  of  v^ves  excised  near 

iofero-posteal  angle 344 

344  (345)     Post-abdomen  fairly  long;  angled  at  apex;    valves  reticulated  and 

with  fine  striae AlontUa  exdsa  (Fischer}  1854. 


General  ai 


t  Plat. 


d  ■ppearaiux  f 
:.  Kottnimmo-.. 
■te  to  \oag,  never  u  pio- 
ioaged  u'lB  A.  Totlr»la  aot 
recurved;  koger  in  southmi 
fontu.  Infero-po«tc«l  u^ 
Diuked,  Kunetimes  produced 
into  k  point;  poiteiior  mu- 
gin  above  it  eiclaed.  lome- 
tiinei  crenulated.  Fost->l>- 
domen  long,  uarrow,  not  ui- 
rowing  much  towud  apex; 
apei  angled;  with  atxiut  0- 
10  nnalT  margina]  dmticles. 
Coloi  yellow  to  brown. 
Length,  9,  toes  mm,;  J, 


a45  (244)    Post-abdanien  short;  rounded  at  apex;  valves  without  fine  striae. 
AhntUa  exipia  (LiUjeborg)  1853. 


Much  Oke  [Kvceding  nKdes  but  snaller.   About  6-S  nnall 
Tuinrgiml  dentidea.     C^lor  yellow,  not  very  t 
Length,   9.0,35  mm.;  S.o.iSmm. 

Maine,  WiKOoatn,  Midugu;  rare. 


>i)    Eye  and  ocellus  very  large;  antennules  project  far  beyond  rostrum. 
Dadaya  Sara  1901. 

Sole  species ZJafayowiaiTo^j  (Daday)  1898. 

Font)  rounded-«vaJ;  not  tompRncd.  Head 
■man,  mudi  depcesaed;  tumid  above  eye;  roa- 
tium  ^rt  and  broad .  Anteonules  long,  mod- 
eratdy  stout,  projectiag  far  beyond  rostrum. 


DBirowiog  toward  apei;  angle  immded;  1 — 
14-18  m.TJpn.l  dmticlM.    Claws  muU,  01 
auall  bMafqdne.    Eye  very  laige,  with  few 
lenaea;  ocellus  oeuly  ■«  large,  aowded  down 
into   rostrum.      S    unknown.     Color  daA 
brown.    Length,  9,  ai.  0.3  mm. 

A  single  qjcdmen  of  this  qiecie*  waj  found 
in  a  ^^ction  from  a  weedy  pool  at  Smltb- 
ville,  Texas. 
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347(130)    No  eye;   ocelliu  only. JfoMoj^iu  San  1861. 

Sole  spedes Monospilus  dUpar  Sais  i86t. 

Fonn  ova]  or  round.  Shell  not  out  in  molting,  U  In 
Ilyacryplui.  Valves  nearly  round  witb  hat  setae  tioag 
ventru  edge.  Head  very  smalt,  depreased,  movable. 
Keel  of  labrum  with  about  4  scallops  oa  ventral  edge. 
Post-abdomen  broad,  short,  with  about  5-7  maJginal 
dentides  and  numerous  clusters  of  &De  halis.    Eye  lack- 


ing; ocellus  lan[e.  Antennules  short,  not  reaching  apex 
of  rostrum,  g  with  hooii  on  first  foot;  post-abdomen 
tapering,  triangular,  somewhat  resembling  that  of  Grap- 
Icltbcrii.  Color  brown-ydlow.  Length,  9,  ca. 0.5  mm.; 
£ ,  ca.  0.4  mm. 

New  England,  Wisconsin,  MinncsoU;  nie. 

Fio,  iiSg.    MtMipilKi  ilipat. 


348  (i)    Body  and  feet  not  covered  by  shell.    Feet  subcylindrical  or  flattened, 
jointed,  prehensile.  .   .   .   Section  B.  Ojnmomen  .   .     149 
No  Uaolets.    Kuni  of  antennae  3-  b>  4-joioted.    F«et,  4  to  6  pnira,  jointed,  pcebeiuile. 


349  (350)     Four  pairs  of  feet,  stout,  compressed,  with  daw-like  spines  and 
branchial  appendages. 

Tribe  I.  Onychopoda. 

Sole  family Polypheuidae  Baiid. 

Body  veiy  short.  Shell  converted  into  large  globulu  brood-sac.  Caudal  process  long, 
ilender,  with  1  long  caudal  stylets  or  setae.  Rami  of  antennae  with  3  and  4  j<Hnts.  Eye  very 
large;  no  ocellus.    Labium  large.    Two  small  hepatic  ceca. 

One  genus Pfrfy^Aemw  0.  F.  MUller  1785. 

Sole  species Pt^yphemus  ptdiadiu  (Linnt)  ij6i. 


., _-    Antennutes 

very  small,  on  ventral  sur- 
face of  head.  Head  targe, 
filled  in  front  by  hug« 
movable  eye.  Antennae 
with  7  setae  on  each  ramus. 
Feet  stout,  with  strong 
daws,  and  branchial  ap- 
pendage; fourth  pair,  very 
small.  Length,  ?,  mtts- 
ured  to  badt  of  brood-sac, 
toi-smm.;  J,  0.8  mm. 

Common  in  northern 
United  Sutes  in  lakes, 
pools,  and  marshes. 


Fia  1169.    Patyfttamittdk- 
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950  (249)    Six  paiis  of  feet,  cylindrical,  first  pair  very  long;  without  branchial 

appendages Tribe  II.  Haplopoda. 

Sole  family '   Lepiodoridae  Lilljeborg. 

Hod  doDSBtcd.  ■lender;  eye  filling  tuiteiior  end.  Body  4-jaint«l,  the  fint  pert  beuing 
the  6  feet  and  doiul  brood-uc;  the  j-jointed  abdomen  ecds  in  9  short  stylets  or  daws.  Anten- 
nules  iDUlU,  fredy  movable.  Antennae  with  very  large  basal  joint:  nini  4-jCHnted.  with  Dinner- 
oui  setae.  Mandibles  loog,  Btendci,  pointed,  with  3  spines  near  apei.  Esopiiasus  very  long, 
stomadi  in  lait  abdominal  segment.  7  with  very  long  antennuUs.  The  young  from  winter 
eggs  bati^  B3  a  niuidius. 

Sole  genus  with  characters  of  family.  ....      Leptodora  liUjeboig. 
Sole  spedes. Leptodora  kindtii  (Foclce)  1844. 


i^ 


,  \"  fif 


7m.  ma.    Littaitra  UmltU. 

IMPORTANT  REFERENCES  ON  NORTH  AMERICAN  CLADOCERA. 
BntGE,  E.  A.     1891.    Notes  00  Cladocera  II.    List  of  Ckdocera  from  Madi- 
son, Wis.    Trans.  Wis.  Acad,,  8: 379-398;  i  pi. 
1893.    Notes  on  Cladocera  III.    Descriptions  of  new  and  rare  species. 

Trans.  Wb.  Acad.,  9:  375-317;  i  pi. 
1910.    Notes  on  Cladocera  IV.    Descriptions  of  New  and  Rare  Species 
Chiefly  Southern.    Trans.  Wis.  Acad.,  16: 1018-1066;  5  pl- 

Heruck,  C.  L.    1S95.    Synopsis  of  the  Entoraostiaca  of  Minnesota.    Second 
Report  of  State  Zoologist;  337  pp.,  81  pl. 
aim>  much  infortnatian  and  many  Ggures,^  original  and  from  vadoni  Bourcea;  but  the 
d  is  not  veiy  carefully  01 


,db,Googlc 


740  FRESH-WATER  BI(XX)GY 

Eeilback,  L.    igia    Pbyltopoda.    In  Brauer'a  SflnwaaBerfauna  Deutach- 
lands,  pt.  lo;  iii  pp.,  365  tott  figs. 
An  adminUe  >ccMDt  of  th«  Cbdocer*  of  Gonway,  matt  al  which  an  found  In  this  onmtiy 
■In.    It  duuld  be  the  fint  book  procured  by  my  ooc  wbo  cmn  nmd  Genun. 

LnxfEBOKG,  W.     1900.    Cladoceia  Suedae.    UpsaU.     701  pp.,  87  pi. 
Latin  keyi  and  diagnoMt;  othcnite  Geiman.     IndlqieDaable  for  a  critical  rtndy  of  the 

RiCHAKD,  J.     1894.    Revision  des  Gadocires.    Part  I.    Sididae.    Ann.  Sd. 
Nat.,  Zod.,  (7)  18: 379-389,  3  pi. 
1896.    Partn.    Daphiudae.    Ann.  Sd.  Nat,Zool.  (8)  >:  187-363;  6  pi. 
lavahiable  lor  the  funOkt  wMdi  tbey  cover. 

Sass,  G.  O.    1901.    pintributions  to  the  Knowledge  of  the  Freshwater  Ento- 
mostraca  of  South  America.    Fart  I.    Gadocera.    Ardi.  Math.  Nat. 
Kristiana,  Bd.  33,  no.  3,  103  pp.,  la  pi. 
NcccMaiy  for  the  ttudy  at  nuthem  dadocen,  but  dM  needed  lor  the  Dsrtbeni  lUtes. 

—  All  lllu«nd«B  hi  thi>  dupicr  have  ben  dnwa  apecWIy  is  it,  ud  ill  ue  uaAt  fna  tha 


.dbyCoOgIc 


CHAPTER  XXm 
COPEPODA 

BY  C.  DWIGHT  MARSH 

VtiUi  Slata  Dtforlmml  cf  Airicullan 

Or  all  animab  eocountered  in  fresh  water,  perhaps  none  are 
more  Ukely  to  arouse  interest  than  the  Copepoda.  While  many  of 
them  are  large  enoi^  to  be  seen  and  watched  with  the  naked 
eye,  yet  they  are  so  small  that  a  microscope  is  needed  to  get  a 
clear  understanding  of  their  fonn  and  structure.  In  company  with 
the  Cladocera,  they  are  almost  universally  distributed,  and  can  be 
collected  in  nearly  any  body  of  water.  Unlike  the  Cladocera, 
which  show  many  erratic  and  bizarre  species,  the  Copepoda  are 
graceful  and  symmetrical  in  their  forms,  with  a  beauty  of  structure 
that  is  very  attractive  to  the  amateur  student.  Some  are  wonder- 
fully transparent,  while  others  are  strikingly  and  in  some  cases 
gorgeously  colored. 

Copepoda  have  been  studied  ever  since  the  microscope  was  first 
used.  It  is  said  that  the  first  mention  of  these  anim^h  was  made 
by  Stephen  Blankaart  in  1688.  O.  F.  MtiUer  in  1785  is  aedited 
with  having  given  the  first  scientific  description  of  this  group. 
In  1830  Jurine  published  his  famous  "Histoire  des  monocles  qui  se 
tiouve  aux  environs  de  Genfive."  Some  of  the  species  which  he 
described  are  still  recognized  as  valid,  largely,  however,  by  the 
courtesy  of  succeeding  writers;  for  Jurine  made  his  distinctions  on 
insufficient  grounds  like  color,  and  it  is  only  through  his  figures 
that  one  can  conjecture  what  species  he  had  in  hand.  No  really 
serious  study  of  this  group  was  made  until  the  middle  of  the  nine- 
teenth century,  when  the  publication  of  Baird's  "Natural  History 
of  the  British  Entomostraca"  in  1850  and  the  various  papers  of 
Claus  a  few  years  later  were  the  begiiming  of  exact  work  on  these 
forms.  The  work  of  Claus  was  of  first  importance.  In  North 
America  articles  were  published  regarding  some  forms  in  the  early 
part  of  the  century,  but  nothing  recognizable  appeared  imtil  S.  A. 
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Forbes  commenced  his  series  of  p^>ers.  Although  these  papers 
were  not  extensive,  they  were  exact  and  carefully  worked  out,  and 
to  Forbes  may  be  given  the  credit  of  laying  the  foundation  for  all 
subsequent  work  in  this  country. 

Though  attractive  in  form,  the  Copepoda  are  complex  in  their 
structure,  and  accurate  classification  can  only  be  attained  by  care- 
ful and  laborious  dissection,  so  that  study  of  the  order  has  been 
neglected. 

With  tbe  exception  of  the  Harpactiddae,  all  the  free-swimming 
Copepoda  are  characterized  by  a  distinct  division  of  the  body  into 
cephalothorax  and  abdomen,  the  former  being  composed  of  five  or 
six  segments  and  the  latter  of  from  three  to  five.  The  a 
are  as  follows,  commencing  with  the  front  of  the  animal: 


uiwtle  G«iin  ol  ■  fouh 
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All  of  these  appendages  are  built  od  the  same  plan,  which  is 
^ically  represented  in  the  swinmung  feet  of  Cyclops  (Fig.  1321), 
Each  foot  consists  of  two  basal  segments,  and  attached  to  the  outer 
or  distal  of  these  are  two  branches  or  rami,  each  of  three  s^ments. 
The  outer  ramus  is  known  as  the  ezopodite  and  the  iimer  as  the 
endopodite.  This  typical  plan  may  be  very  much  modified  but, 
in  most  cases  the  fundamental  structure  can  be  recognized. 

Of  these  appendages,  the  first  antennae  are  very  characteristic. 
They  are  so  modified  that  one  of  the  rami  has  entirely  disappeared, 
and  the  one  remaining  is  made  up  of  a  considerable  number  of 
s^ments,  varying  from  six  to  twenty-five.  In  the  same  spedes 
the  number  of  segments  in  the  antennae  is  ordinarily  invariable. 
In  some  of  the  q>ecies  of  Cyclops  the  antennae  are  very  short,  in 
others  tbey  may  exceed  the  length  of  the  cephalothorax,  while  in 
the  other  genera  they  may  equal  or  exceed  the  length  of  the  whole 
body.  The  segments  of  the  anteimae  are  armed  with  hairs  which 
are  definite  in  number  and  location.  They  have  also  sensory 
structures  arranged  in  definite  places  on  the  segments.  The  club- 
shaped  sensory  appendage  of  the  twelfth  antennal  segment  of 
some  of  the  species  of  Cyclops  is  one  of  the  important  means  of 
identification.  Some  of  the  species  of  Cyclops  have  circlets  or 
crowns  of  spines  on  certain  antennal  segments  which  give  them  a 
peculiarly  ornate  jqjpearance.  In  some  of  the  species  of  Cyclops 
there  is  a  thin  hyaline  lamella  extending  longitudinally  along  cer- 
tain of  the  segments,  being  especially  marked  on  the  last  two.  This 
is  particularly  noticeable  in  Cyclops  fuscus  (Fig.  1223). 

In  the  Cyclopidae  the  anteimae  are  syuunetrical  and,  in  the  male, 
are  modified  to  form  grasping  organs.  In  the  Centropagidae  it  is 
only  the  right  antenna  of  the  male  that  is  so  modified. 

Li  many  of  the  species  of  DiapUmm  the  antepenultimate  seg- 
ment  of  the  right  anteima  of  the  male  has  a  distinctive  form. 
This  may  be  a  hyaline  lamella  extending  the  length  of  the  segment, 
or  it  may  be  an  extension  of  one  side  of  the  segment  in  a  process 
wtuch  varies  from  a  blunt  projection  to  a  hook  or,  in  some  cases, 
a  long,  slender  digitiform  extension.  The  armature  of  this  segment 
b  constant  and  is  one  of  the  important  characteristics  used  in 
distingiiishing  species. 
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The  fifth  feet  in  Cyclops  are  very  rudimentary  structures. 

In  Dia^omus  the  fifth  feet  take  on  interesting  fonns.  In  the 
female  they  are  symmetrical,  but  not  so  well  developed  as  the 
preceding  swimming  feet.  But  in  the  male,  the  right  fifth  foot 
differs  from  the  left,  and  is  modified  so  as  to  make  a  grasping 
organ.  The  figures  in  the  sync^tical  key  show  the  form  of  these 
appendages.  The  modifications  are  constant  in  a  given  species, 
so  that  the  fifth  feet  in  this  genus  furnish  the  most  important 
means  of  specific  identification. 

In  Epischura  the  fifth  feet  are  modified  more  profoundly,  and 
this  modification  is  accompanied  by  a  peculiar  development  of  the 
segments  of  the  abdomen,  which  also  serves  as  a  gras{Hng  organ. 


lounli  pair  of  appcndun  < 


atCydeti.    Tk       F10.1171.   SttooiStMtciaCyehti.iD 
-'-gamntm-  which  uc  wtd  loui  pun  of  ippa- 

^fterCluu.1         dicc^    (AIIvCUiu.) 


In  their  growth  from  the  egg  up,  the  C(^)epoda  pass  throi^h  a 
comphcated  series  of  forms.  On  issuing  from  the  egg  the  young 
animal  is  a  flat,  oval  creature,  without  any  division  of  the  body 
into  cephalothorax  and  abdomen,  and  with  only  three  pairs  of 
ai^ndages,  the  first  three  of  the  mature  animal,  namely,  the  first 
and  second  antennae  and  the  mandibles.  These  are  all  used,  in 
this  stage  of  the  animal,  as  swimming  organs.  This  is  known  as 
the  nauplius  stage  (Fig.  1172).    A  series  of  molts  follows.     In  the 
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second  stage  (Fig.  1173)  a  fourth  pair  of  appendages  is  added, 
which  later  are  known  as  the  maxillae.  In  a  later  stage  three  more 
pairs  of  appendages  are  added,  —  the  maxillipedes,  and  the  first  two 
pairs  of  swimming  feet:  this  is  known  as  the  metanauplius  st^e. 
The  following  stage  is  the  first  Cyclops  stage;  in  this  there  is  a  dis- 
tinct division  of  the  body  into  cephalothorax  and  abdomen,  and  the 
third  and  fourth  swimming  feet  are  present  in  a  rudimentary  form. 
In  this  stage,  too,  the  anterior  appendages  have  developed  into 
forms  more  similar  to  those  in  the  mature  animal. 

The  process  of  development  is  thus  accompanied  by  a  continued 
increase  in  the  number  of  append^es  beginning  at  the  anterior 
extremity,  in  the  niunber  of  segments  of  the  cephalothorax  and 
abdomen,  and  in  the  complexity  of  the  appendages,  until  the  mature 
forms  are  reached. 

Some  of  the  parasitic  forms  do  not  pass  through  all  these  stages. 
There  are  some  that  never  acquire  the  third  and  fourth  swimming 
feet;  in  others,  by  a  progress  of  regression,  the  first  and  second 
feet  may  disappear.  Some  parasitic  forms  jump  the  whole  series 
of  nauplius  stages  and  ahnost  immediately  after  leaving  the  egg 
appear  in  the  first  Cyclops  stage. 

Hardly  any  body  of  water  is  without  its  copepod  inhabitants, 
although  running  waters  have  a  less  abimdant  population  than 
lakes.  Frequently  standing  pools  swarm  with  the  individuals  of 
one  or  a  few  species  of  this  order.  Temporary  poob  in  the  spring, 
which  are  formed  in  the  same  place  in  successive  years,  will  some- 
times be  ahnost  literally  filled  with  Copepoda,  which  are  strictly 
seasonal  in  their  life  habits;  for,  as  the  pools  disappear,  the  c<^>e- 
pods  disajqiear,  their  eggs  sink  in  the  mud  of  the  bottom,  and 
remain  until  the  waters  of  the  next  season  bring  about  favorable 
conditions  for  their  generation. 

The  lakes  produce  an  exceedu^ly  abundant  copepod  fauna, 
which  has  an  important  practical  interest,  for  the  ultunate  food  of 
fish  is  composed  almost  entirely  of  these  organisms;  that  is,  the 
small  fish  of  our  most  abundant  species  feed  entirely  upon  Ento- 
mostraca,  of  which  Copepoda  form  the  greater  part,  and,  in  many 
cases,  the  mature  fish  also  feed  entirely  on  these  same  minute 
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Similar  conditions  prevail  in  the  ocean,  where  Copepoda  fonn  an 
essential  part  of  the  plankton,  which  there,  too,  is  an  important 
element  in  the  food,  not  only  of  fishes,  but  of  some  of  the  great 
ocean  mammals.  Our  fresh-water  Copepoda  are  descendants  of 
salt-water  forms,  and  the  elucidation  of  the  lines  of  descent  fonns 
a  most  interesting  problem,  towards  the  solution  of  which  very 
little  has  been  done. 

The  distribution  of  the  Copepoda  in  our  lakes  is  a  matter  of 
great  interest.  Certain  species  are  characteristic  of  distinct  regions 
of  the  lakes.  For  example,  Cyclops  biatspidatus,  Diaptomas  sicUis, 
Diaptomus  minutus,  and  Diapiomus  asUandi  are  characteristic  of 
the  limnetic  regions  of  the  Great  Lakes.  Cyclops  prasinus  is  espe- 
cially characteristic  of  limnetic  regions,  Cyclops  albidus  and  Cyclops 
fuscus  are  more  commonly  littoral,  while  Cyclops  bicolor  and  Cyclops 
phaleratus  are  more  usually  found  in  pools.  Others,  especially  at 
certain  seasons,  may  be  found  only  in  the  deeper  waters,  or  are 
"abyssal"  in  habitat.  This  is  true  of  Limnocalanus  macrurus, 
which  is  rarely  found  at  the  surface  in  the  summer  season,  but 
ahnost  entirely  in  the  region  below  the  ihermocline.  Generally 
^leaking,  the  Diaptomi  in  lakes  are  characteristic  of  the  limnetic 
regions,  but  it  does  not  follow  that  all  Diaptomi  are  limnetic;  for 
there  are  many  species  that  confine  themselves  strictly  to  the 
extremely  shallow  waters  of  pools,  like  Diapiomus  sanguineus,  which 
occurs  widely  through  the  temperate  regions  in  the  temporary 
pools  of  spring.  It  should  not  be  inferred,  however,  that  these 
distinctions  between  littoral,  limnetic,  abyssal,  etc.,  are  absolute. 
In  many  cases,  species  commonly  littoral  may  adapt  themselves  to 
a  limnetic  habitat,  ot  those  commonly  found  in  limnetic  regions 
may  become  littoral,  and  flourish  in  those  regions,  thus  forming 
part  of  what  is  sometimes  known  as  the  tychoUmnetic  or  tyckolitioral 
fauna.  Cyclops  bicuspidatus,  for  example,  while  ordinarily  limnetic, 
may  become  a  part  of  the  littoral  fauna.  In  other  cases,  species 
Uke  Diaptomus  oregonensis  and  Diaptomus  minutus  may  seem  to  live 
equally  well  in  deep  or  shallow  waters.  Deep  lakes  and  shallow 
lakes  have  their  characteristic  copepod  faunas,  but  this  distinction 
does  not  always  hold  rigidly;  for  frequently  the  species  show  a 
great  deal  of  elasticity  in  adapting  themselves  to  changed  conditions. 
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There  is  a  marked  differeDCe  in  form  and  structure  between  the 
Copepoda  living  in  the  open  water  and  those  that  are  limnetic  in 
their  habit.  Those  that  live  among  the  weeds  alongshore,  or  in 
pools,  are  relatively  short  and  stout,  and  frequently  deeply  colored. 
A  good  example  of  this  is  Cyclops  ater,  which  has  received  its  name 
because  of  its  dark  color.  It  is  to  be  presumed  that  Cyclops  viridis 
also  received  its  name  from  its  color,  for  many  of  these  shore  forms 
diow  a  distinctly  green  coloration.  These  colors,  doubtless,  are  pro- 
tective, for,  because  of  them,  the  animals  are  almost  invisible  when 
stationary  upon  a  background  of  bottom  mud  or  of  the  stem;^  of 
aquatic  plants. 

The  limnetic  species  have  long  and  slender  bodies,  Limnoca- 
lanus  macrurus  being  an  especially  good  type.  Some  spedes  of 
Cydops  live  either  as  limnetic  or  as  littoral  inhabitants;  in  these 
cases  one  finds  the  same  differences  in  form,  the  littoral  variety 
being  short  and  stout,  and  the  limnetic  long  and  slender.  This  is 
especially  well  shown  in  the  varieties  of  Cyclops  viridis  and  Cyclops 
serrutatus.  The  figures  in  the  systematic  discussion  of  these  E{>edea 
show  these  differences  which  are  especially  well  marked  in  the  furcal 
rami  (Figs.  1214,  1215).  The  Uttorat  ^>ecies  have  short  and  stout 
furcal  rami,  whereas  in  the  limnetic  spedes  these  structures  are 
long  and  slender.  The  limnetic  spedes  are  ordinarily  colorless, 
their  transparent  bodies  making  beautiful  objects  for  examination 
under  low  magnifying  powers;  for  much  of  the  internal  anatomy 
of  the  animal  can  be  observed,  while  the  animal  is  still  alive:  the 
movements  of  the  alimentary  canal  can  be  followed,  and  the  beat- 
ings of  the  heart  observed.  This  lack  of  color  is  doubtless  an 
adaptation  to  the  environment,  for  in  open  waters  colorless  animals 
are  much  less  conspicuous. 

Occasionally  the  Copepoda  are  of  a  marked  red  color.  This  is 
sometimes  due  to  oil  globules,  and  is  espedally  marked  in  some  of 
the  spedes  appearing  in  the  early  spring,  or  living  in  the  cold 
waters  of  lakes  at  great  altitudes.  In  other  cases,  and  this  is 
markedly  true  of  some  of  the  Diaptomi,  the  integument  may  be 
deeply  colored  in  reds,  blues,  and  purples.  Diapiomus  shoshone,  a 
large  spedes  found  in  the  mountain  regions  of  the  West,  is  an  espe- 
cially good  example  of  a  highly  colored  copepod. 


.dbyCoOgIc 


748  FRESH-WATER  BIOLOGY 

As  already  noted,  certain  species  ^pear  in  temporary  pools  only 
in  the  spring  season.  In  those  that  occur  in  lakes,  there  is  some- 
times a  proDounced  seasonal  distribution.  For  example,  in  Green 
Lake,  Wis.,  on  which  extended  studies  have  been  made,  Diapiomus 
sicilis  is  common  in  the  winter,  but  rarely  found  in  the  summer, 
while  most  forms,  as  would  be  e:q>ected  from  the  favoiablie  food 
conditions,  are  more  abundant  in  the  summer  months. 

Excepting  the  few  winter  forms,  the  maximum  numbers  of  any 
species  occur  in  the  months  from  May  to  September  or  early 
November.  Sometimes  there  are  two  maxima,  one  in  the  spring 
and  one  in  the  fall.  Generally  speaking,  the  maximum  develop- 
ment occurs  when  the  waters  reach  their  highest  temperature,  but 
other  factors  may  modify  the  time.  Generally  speaking,  also,  the 
maiimiun  development  in  numbera  is  somewhat  later  in  deep 
lakes  than  that  in  shallow  lakes,  corre^wnding  to  the  general  law 
for  the  development  of  the  total  plankton. 

The  great  controlling  factor  in  the  distribution  of  the  Copepoda 
is,  without  doubt,  temperature.  That  Diapiomus  sicilts  should  be 
found  in  Green  Lake  only  in  the  winter  is  a  matter  of  temperature, 
for  it  is  found  in  the  cold  waters  of  the  Great  Lakes  throughout  the 
summer.  Idmnocalanus  macrurus,  which,  in  small,  deep  lakes,  is 
found  during  the  summer  only  below  the  thermocline,  comes  to 
the  surface  in  the  winter  months  when  the  surface  water  is  colder. 
In  Mscon^n,  Cydops  hiatspidatus  is  a  common  limnetic  spedes  in 
the  deeper  lakes,  but  is  rarely  found  in  the  shallower  lakes  except 
in  the  winter  season.  It  is  evident  that  it  prefers  the  colder  waters. 
On  the  other  hand,  Episckura  lacustris  and  Diaptomus  oregtmensis 
are  distinctly  summer  forms,  disappearing,  for  the  most  part,  in 
the  winter  months. 

Partial  studies  have  been  made  which  have  disclosed  some  very 
interesting  facts  in  regard  to  the  vertical  distribution  of  Copepoda 
in  our  lakes.  In  general  it  may  be  said  that  most  of  these  forms 
are  confined  to  the  upper  waters,  above  the  thermocline,  some 
having  very  distinct  vertical  migrations,  caused  by  changing  con- 
ditions of  light  and  temperature.  It  has  long  been  known  that 
not  only  are  the  <^>en  waters  of  our  lakes  peopled  with  myriads 
of  these  minute  creatures,  which  can  readily  be  collected  by  a  tow- 
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net  dragged  behind  a  boat,  but  that  collections  made  in  the  night 
were  much  more  successful  than  those  in  the  daytime.  It  was  at 
first  inferred  from  these  collections  that  the  animals  shunned  the 
light,  and  sank  beneath  the  surface  during  the  day,  to  rise  again 
at  nig^t.  Careful  studies  of  the  subject,  however,  show  that  the 
migration  of  these  animals  is  by  no  means  so  simple  a  matter  as 
had  been  thought,  and  that  very  complex  forces  are  at  work  con- 
trolling their  movements'.  While  some  of  them  are  sensitive  to 
the  influence  of  light,  it  appears  that  temperature  is  much  the 
stronger  factor,  and  that,  generally  speaking,  they  move  up  or  down 
as  the  result  of  changes  of  temperature  ratha:  than  because  they 
seek  or  avoid  the  light.  This,  without  doubt,  es^lains  the  fact 
that  Limnocaianus  remains  in  the  deep^  wateis  in  the  siunmer 
and  gradually  rises  higher  as  the  waters  cool  off  in  the  fall.  On 
the  other  hand,  Cyclops  prasinus  has  a  marked  preference  for 
warmer  waters.  Durii^  the  stunmer  it  is  found  in  the  upper 
layers  of  water,  but  in  the  winter  it  is  indinedto  avoid  the  imme- 
diate surface  and  seek  the  deeper  and  warmer  waters. 

Epischura  lacustris  is  a  very  interesting  species  in  its  vertical 
distribution;  for  it  is  large  and  a  strong  swiiomer,  and  changes 
its  location  from  hour  to  "hour  durii^  the  day.  It  likes  warm 
water,  but  dislikes  the  light,  and  its  vertical  migrations  both  daily 
and  seasonal  are  the  resultant  of  these  two  forces,  so  that  its  move* 
ments  sometimes  seem  quite  erratic 

It  is  a  curious  fact  that  the  Copepoda  differ  in  the  character  of 
the  habitat  they  like  best  at  different  times  of  thdr  lives.  Most 
of  the  larval  forms  are  found  close  to  the  sinface  in  the  daytime, 
while  the  maturer  animals  are  found  at  a  greater  or  less  depth. 

It  seems  probable  that  the  movements  of  the  nauplii  and  larval 
Copepoda  are  caused  by  comparatively  slight  changes  of  tempera- 
ture, and  that  a  somewhat  elaborate  determination  of  the  changes 
of  temperature  in  the  upper  layers  of  water  may  explain  their 
movements,  whidi  now  seem  rather  strange. 

Tluough  the  study  of  the  geogn^>hical  distribution  one  may 
hope  to  get  some  knowledge  of  the  evolution  of  the  species  ai^ 
genera  of  the  Cop^x>da,  and  it  is  on  this  account  that  this  phase 
of  the  study  of  any  group  of  animals  is  especially  interesting  to 
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the  zoologist.  Many  of  the  species  of  the  Cydopidae  are  almost 
if  not  quite  cosmopolitan  in  their  distribution;  for  example,  Cyclops 
leuckarli  not  only  occurs  all  over  North  America,  but  in  Europe, 
Asia,  and  Africa,  and  without  any  variations  that  are  character- 
istic of  the  different  regions.  It  seems  very  remarkable  that  an 
animal  as  delicately  organized  as  Cyclops  should  not  show  the 
effect  of  change  of  location  in  its  structure.  Most  of  the  recog- 
nized American  species  of  Cydops  are  identical  with  those  found 
in  other  continents;  and  it  is  even  pos^ble  that,  when  the  genua 
is  known  more  thoroughly  than  at  present,  many  of  the  species 
which  are  now  considered  peculiar  to  our  continent  may  be  found 
to  be  either  identical  with  foreign  species  or  at  most  only  varia- 
tions of  those  forms.  So  our  common  spedes  of  Limnocalanus, 
L.  macrurus,  is  identical'  with  the  European  form.  On  the  other 
hand,  not  only  the  spedes  but  the  genera  of  Ospkranticum  and 
Epischura  are  peculiar  to  North  America.  The  genera  of  the 
Harpactiddae  have  never  been  thoroughly  worked  over,  and,  while 
some  of  our  spedes  are  undoubtedly  European,  it  seems  probable, 
from  what  we  now  know,  that  many  of  them  are  peculiar  to  this 
continent.    Eurytemora  is  world-wide  in  its  distribution. 

Of  the  Diaptomi  there  are  now  recognized  thirty-nine  spedes 
in  North  America,  and  all  of  these  are  peculiar  to  this  continent 
Not  only  are  they  peculiar  to  the  continent,  but  many  are  peculiar 
to  certain  regions.  In  a  broad  way,  they  illustrate  very  fordbly 
what  has  been  said  before, — that  Copepoda  are  controlled  in  their 
distribution  by  temperature  conditions.  This  can  wdl  be  illus- 
trated by  a  brief  discussion  of  the  geographical  distribution  of  the 
more  common  spedes.  Diapiomus  minutus  b  found  from  Green- 
land and  Icdand  south  to  the  northern  tier  of  states  in  the  United 
States,  but  does  not  occur  south  of  42"  to  43°  N.  L.  Diaptomus 
sicilis  is  confined  to  the  northern  tier  of  states.  Diapiomus  sici- 
hides  is  found  in  a  band  farther  to  the  south,  being  limited  roughly 
to  the  region  between  the  thirty-sixth  and  forty-third  parallels. 
TTiese  three  spedes  are  closely  related  to  each  other  in  structure, 
and  presumably  are  of  the  same  line  of  descent.  It  will  be  seen 
that  thdr  distribution,  taken  in  a  broad  way,  is  one  of  latitude. 
A  similar  relation  exists  between  Diapiomus  oregonensis,  Diapto- 
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mus  mississippimsis,  and  Diaptomus  pallidus.  Diaptomus  orego- 
nensis  is  the  more  northern  spedea.  It  is  found  from  one  side  of 
the  continent  to  the  other,  as  far  north  as  the  Saskatchewan  region, 
and  as  far  south  as  Illinois  and  Indiana.  Diaptomus  poUidus  is  a 
Mississi[^  Valley  species,  having  been  found  from  Minnesota  to 
Louisiana,  and  as  far  west  as  Colorado.  Diaptomus  mississippiensis 
is  a  strictly  southern  species,  being  confined,  so  far  as  known,  to 
the  Gulf  States.  It  is  evident  that  this  distribution  ^ain  is  con- 
trolled by  temperature  conditions. 

The  group  which  centers  around  Diaptomus  albuquerqumsis  is 
confined  to  the  south,  the  most  southern  species  being  limited  to 
the  island  of  Cuba.  The  group  centerii^  about  Diaptomus  signi- 
cauda  is  confined  to  the  mountain  regions  of  the  West,  where  a 
number  of  rather  closely  related  species  have  been  developed. 
Probably  the  greatest  number  of  species  is  found  in  this  mountain 
region  of  the  West,  where  the  lakes  are  separated  from  each  other, 
and  isolation  has  led  to  the  development  of  new  species.  It  will 
thus  be  seen  that  the  one  great  controlling  factor  in  the  distribu- 
tion of  the  Diaptomi  is  temperature. 

It  may  perhaps  be  assumed  that  most  of  our  North  American  ' 
spedes  are  descended  from  the  same  ancestors  as  those  of  the 
other  continents;  that  as  the  result  of  the  glacial  period  the  north- 
em  forms  were  forced  far  to  the  south;  and  that,  on  the  retreat  of 
the  ice,  some  followed  after  the  ice,  while  others  remained  behind, 
but  changed  their  form  as  the  result  of  the  changed  environment. 
Thus  the  more  primitive  forms  would  be  found  to  the  north.  In 
the  south  we  would  find  specialized  forms  due  to  the  various  fac- 
tors which  have  come  into  play  in  the  evolution  of  these  animals. 
It  is  a  peculiar  fact  that  in  this  change  of  conditions  the  Cyclo- 
pidae  should  have  succeeded  in  ad^ting  themselves  without  chai^ 
of  structure,  while  the  Diaptomi  all  suffered  changes.  The  differ- 
ence in  the  bdiavior  of  these  two  families  is  a  matter  that  is  not 
at  all  understood,  but  it  seems  possible  that  the  Cyclopidae  have 
more  ^dent  means  of  distribution,  so  that  the  development  of 
new  spedes  from  isolation  would  not  be  as  probable  as  in  the  case 
of  the  Diaptomi.  As  a  matter  of  fact,  very  little  is  known  of  the 
life  histories  of  these  animals. 
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MentioD  has  been  made  of  the  fact  that  new  spedes  may  arise 
because  of  isolation.  But  the  question  arises,  how  do  the  ancestors 
of  any  form  first  reach  a  given  body  of  water?  By  what  means 
are  these  animals  distributed  from  one  place  to  another?  Certain 
spedes  occur  in  bodies  of  water  from  one  side  of  the  continent  to 
the  other;  in  some  cases  the  same  forms  are  found  even  in  widely 
separated  continents.  How  have  they  reached  these  places?  Eggs 
are  formed  which  fall  into  the  mud  of  the  floor  of  the  lakes  and 
pools  and  retain  thdr  vitality,  sometimes  from  one  season  to 
another,  even  if  the  bodies  of  water  disappear  and  the  mud  becomes 
dry.  Many  spedes  have  been  seen  for  the  first  time  by  rearing 
them  from  eggs  found  in  dried  mud.  It  is  natural  to  infer  from 
this  that  anything  that  would  move  the  mud  would  also  move  the 
eggs  of  the  animals.  Dried  mud,  in  the  form  of  dust,  may  be 
widdy  disseminated,  and  thus  the  eggs  might  be  carried  to  very 
distant  places.  Water  birds,  too,  carry  mud  on  their  feet  from 
one  body  of  water  to  another,  and  in  this  way  may  easily  transport 
the  eggs  of  Copepoda  and  possibly  the  living  animals.  Inasmuch 
as  these  birds  sometimes  make  long  flights,  it  is  dear  that  the 
spedes  of  Copepoda  may  be  planted  in  places  far  apart.  There  is 
no  doubt  that  in  both  these  ways  the  distribution  of  the  Copepoda 
has  been  effected,  but  these  are  not  the  prindpal  ways.  It  seems 
evident,  for  many  reasons,  that  they  go  from  one  place  to  another 
mainly  by  direct  water  carriage.  For  example,  Diaptomus  sici- 
loides  has  been  found  in  only  one  lake  in  Wisconsin.  If  it  were 
readily  carried  by  birds,  one  would  expect  to  find  it  in  other  bodies 
of  water  which  seem  to  have  the  same  kind  of  an  environment. 
On  the  other  hand,  in  Lake  St.  Clair,  although  it  is  a  very  shallow 
body  of  water,  occur  the  Copepoda  that  are  characteristic  of  the 
deeper  waters  of  the  Great  Lakes.  In  this  case  there  seems  to  be 
no  doubt  that  these  deep-lake  forms  have  been  carried  into  an  en- 
vironment where  one  would  not  expect  to  find  them.  It  is  notice- 
able that  in  connecting  bodite  of  water  we  find  the  same  forms  of 
Copepoda.  Irrigating  ditches  and  ponds  are  almost  entirdy  with- 
out Copepoda.  They  are  peculiarly  unprofitable  collecting  places 
although  the  environment  would  seem  to  be  favorable  for  the  propa- 
gation of  these  forms.    For  some  reason,  it  is  evident  that  the 
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animals  are  not  planted  there.  If  the  eggs  of  Copepoda  were  (Us- 
seminated  to  any  extent  with  the  dust  by  winds,  conditions  would 
seem  to  be  unusually  favorable;  for  sucb  ponds  are  found  in  dry 
regions  subject  to  heavy  winds.  "Dust  stonns"  are  very  common, 
and  in  them  large  quantities  of  dust  are  moved  from  one  place  to 
another.  Ducks,  too,  frequent  these  ponds  in  enormous  numbers, 
and  are  continually  on  the  wing,  moving  from  one  place  to  another. 
It  would  seem,  then,  that  in  the  arid  and  semi-arid  regions  condi- 
tions were  as  favorable  as  possible  for  these  two  methods  of  trans- 
portation. Yet  the  fact  remains  that  the  ponds  are  frequently 
almost  entirely  devoid  of  copepod  life,  and  one  must  conclude 
that  these  methods  of  dissemination  are  of  minor  importance.  It 
apparently  follows  from  these  facts  that,  when  once  a  form  has 
reached  a  mount^n  lake,  it  may  remain  in  undisturbed  possession 
for  a  long  time,  and  thus,  by  the  ordinary  processes  of  evolution, 
one  may  expect  to  find  in  mountain  regions  a  great  variety  of 
species.  As  a  matter  of  fact,  in  parts  of  the  country  where  water 
communication  Is  easy,  as  in  the  Mississippi  Valley,  there  prevails 
great  uniformity  in  the  species,  while  in  the  mountain  regions  of 
the  West  one  finds  a  greater  variety  of  species. 

The  ordinary  means  of  collecting  other  forms  of  small  water 
animals  ajid  plants  will  serve  for  the  Copepoda.  The  Birge  net  is 
the  most  useful  form  of  collecting  apparatus.  Inasmuch  as  Co- 
pqwda  are  extremely  common  in  open  and  clean  waters,  the  wire- 
netting  cap  of  the  Birge  net  {p.  68)  can  frequently  be  dispensed 
with,  and  the  apparatus  thus  simplified.  A  conical  net  of  fine  mus- 
lin with  the  opening  stiffened  by  a  wire  ring  will  serve  admirably  for 
making  collections.  This  can  be  dragged  behind  a  boat,  or,  if 
weighted,  can  be  thrown  from  the  shore  to  a  distance  of  from  thirty 
to  forty  feet,  care  being  taken,  as  it  is  drawn  in,  to  collect  as  little 
as  possible  of  fioating  debris  or  of  mud  if  it  strikes  the  bottom  near 
shore.  The  material  collected  in  the  end  of  the  net  can,  by  in- 
verting the  net,  be  washed  into  a  wide-mouthed  bottle  or  tumbler 
or  tin  fruit  can,  and  then  transferred  to  the  homeopathic  vials  in 
which  it  is  stored.  An  easy  way  to  make  this  transfer  is  to  pour 
the  condensed  material  on  little  squares  or  circles  of  fine  muslin, 
two  or  three  inches  in  diameter,  and  then  place  cloth  and  all  in 
the  preservative  fluid. 
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For  preservative  fluid  either  5  per  cent  formol  or  75  per  cent 
alcohol  can  be  used.  Alcohol  preserves  the  animals  in  a  httle 
better  shape,  as  formol  is  apt  to  make  them  brittle.  Dissection  is 
best  performed  in  a  drop  of  glycerin  on  a  shde.  The  transfer 
from  alcohol  to  glycerin  should  be  made  gradually,  through  mix- 
tures of  alcohol  and  glycerin.  The  larger  forms  of  Copepoda  can 
be  dissected  under  lenses  magnifying  from  five  to  fifteen  diameters; 
but,  for  the  smaller  individuals,  powers  as  high  as  one  hundred 
diameters  must  be  used,  and  the  work  is  very  tedious.  The 
dissected  material  is  best  mounted  for  examination  in  Faxrant's 
solution,  and  the  cover  must  be  ringed  with  a  good  cement,  — 
Brunswick  black,  for  instance. 

If  one  wishes  to  make  a  serious  study  of  the  animals,  the  struc- 
tures to  be  separated  and  studied  are  the  following:  the  antennae, 
male  and  female;  the  abdomens,  male  and  female;  the  fifth  feet, 
male  and  female.  In  addition,  the  general  form  of  the  cephalo- 
thorax  must  be  noted,  and,  in  some  cases,  the  structure  of  the  other 
appendages  of  the  cephalothorax.  The  Copepoda  are  so  widely 
distributed  and  their  forms  are  so  characteristic  of  biological  con- 
ditions that  it  is  very  desirable  that  every  student  of  water  forms, 
even  if  his  work  is  only  of  an  amateur  character,  should  be  able 
to  make  a  separation  into  genera,  and,  in  most  cases,  make  at  least 
a  provisional  specific  determination.  Fortunately,  the  generic  dis- 
tinctions of  our  American  forms  are  very  easily  made,  and  it  is  not 
difficult  to  recognize  some  of  the  more  common  species. 

Especially  confusing  to  the  beginner  is  the  large  number  of  im- 
mature forms.  Many  of  the  larval  stages  of  the  more  highly  de- 
veloped species  resemble  closely  the  mature  forms  of  the  simpler 
spedes,  so  that  the  tyro  is  apt  to  think  that  he  has  a  large  number 
of  species,  when  he  may  have  only  several  stages  of  one.  It  is 
safest  for  the  beginner  to  make  no  attempt  at  identification  except 
in  the  cases  of  evidently  mature  forms,  such  as  egg-bearing  females. 

The  Copepoda  are  an  order  of  Crustacea^  belonging  to  the  sub- 
class Entomostraca.  This  subclass  cannot  be  easily  defined,  but 
it  is  sufficient  for  our  purposes  to  say  that  they  are  the  most  simply 
organized  Crustacea.  TTie  Copepoda  may  be  defined  as  those  En- 
tomostraca which  do  not  have  a  shell-Uke  covering  of  the  body 
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(in  distinction  from  many  of  the  Phyllopoda),  with  four  or  five 
two-branched  swinuning  feet  on  the  thorax  and  an  abdomen  with- 
•  out  appendages.  The  Copepoda  are  divided  into  two  suborders,  — 
the  Eucopepoda  and  the  Branchiura. 

The  Eucopepoda  do  not  have  compound  eyes,  and  the  eggs 
develop  in  one  or  two  brood  pouches  or  ovisacs  attached  to  the 
abdomen.  The  Branchiura  have  two  compoimd  eyes.  The  females 
do  not  have  ovisacs,  but  the  eggs  are  laid  on  stones  or  other  con- 
venient hard  surfaces.  The  body  is  flattened.  The  Eucopepoda 
may  be  considered  in  two  divisions, — Gnathostomata,  and  Farasita 
or  Siphonostomata.  The  Gnathostomata  include  the  free-swim- 
ming Copepoda;  they  have  appendages  about  the  mouth  adapted 
to  mastication  and  the  full  number  of  body  segments.  The  Si- 
phonostomata are  parasitic;  they  have  the  appendages  about  the 
mouth  adapted  for  pierdng  or  sucking,  and  generally  also  a  re- 
duced number  of  body  segments.  The  following  table  shows  this 
classification : 

Bnndi:  Arthropoda. 

Clan:  Crustacea. 

Subdais:  Entomonraca. 
Otder:  Copepoda. 

Suborda:  (n)  Eucopepoda. 
Group  I.  GDatbostoniata. 
Group  I.  Siphoooalomata. 
Suborder:  (ft)  Brancluuis. 

KEY  TO  NORTH  AMERICAN  FREE-SWIMMING  COPEPODA 

(GNATHOSTOMATA) 

I  (104)        Cephalothorax  and  abdomen  distinctly  separated 3 

3  (76)  Antennae  long,  commonly  nearly  or  quite  as  long  as  the  whole 

animal,  and  composed  of  33,  34,  or  35  segments.  Antennae 
of  male  asymmetrical,  the  right  geniculate  and  modified  as 
a  grasping  organ.  The  fifth  feet  are  unlike  in  the  two  sexes, 
and  in  tl^  male  the  right  and  left  fifth  feet  are  dissimilar. 
Family  Centropagidae  .   .    3 

3  (81  73)      Endopodites  of  first  swimming  feet  composed  of  one  segment.  .     4 

4  (7)  Endopodites  of  second,  third,  and  fourth  swimming  feet  composed 

of  one  segment.  Each  furcal  ramus  anned  with  three 
large  setae.  Abdomen  of  male  asymmetrical,  and  armed 
oa  right  side  with  a  peculiar  grasping  arrangement. 

EpUchura  .    .     5 


.dbyCoOgIC 


FRESH-WATER  BIOLOGY 

Abdomen  of  female  not  distinctly  flexed  to  the  right.    Tetmlnal 
setae  of  furcae  equal. 

Episcktira  nevadensis  Lilljeborg  1S89. 


uuntain  lakn  of  the  westeni  United  StUea. 
Length  of  fenule,  a  nun. 


Fio.  1174.  Abdomen  of  u 


Abdomen  of  female  distinctly  flexed  to  the  right,  the  external 
furcal  setae  much  laiger  than  the  others. 

Epischwa  laaulris  Forbes  1SS2. 


CoDUDon  in  the  CreEt  Lakes  and  other  b 
nie  centiR]  ind  easlern  Uidted  States. 

Length  of  female,  1.78  ma 
Length  of  male,  1.3S  mm. 


e  bodies  d  water  In 


Abdomen  of  nuk  Efiickura  laciulrii.     X  49.    (OrigtiuJ.) 


second,  third,  and  fourth  feet  composed  of  two 
Furcal  rami  elongated. 

Euryletitora  affinis  Poppe  i88a 


has  been  fourxd  in 


waters  connected  with  the  Gulf  trf  Maico  and  the  Atlantic  Ocean." 
Length  of  female,  1.5  mm. 
Length  of  male,  1.5  mm. 


Endopodites  of  first  swiniming  feet  composed  of  two  segments,  of 
third  and  fourth  swimming  feet  composed  of  three  segments. 
Furcal  rami  short.  Right  fifth  foot  of  male  terminates  in 
a  more  or  less  sickle-shaped  hook.  ,  .   .    DiapUmus.   ,    9 

Antepenultimate  segment  of  the  male  right  antenna  without  dis- 
tmct  appendage iq 
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Right  and  left  fifth  feet  of  male  nearly  equal  in  length,  tenuinal 
book  of  light  foot  symmetrical. 

Diaptomus  oregotienHs  Lilljeborg  1889. 


The  most  widely  ditUibut«d  of  ill  North  Amei^ 
ion  spedo,  sad  the  oae  most  likely  lo  be  odlccted 
Id  the  northein  put  of  the  United  States.  It  is 
found  from  one  side  of  the  contiaent  to  the  other. 
The  most  noticoibie  characteristic  is  the  equal 
length  of  the  gfth  feet  of  the  male. 

Length  of  female,  1.5  mm. 

LcDBth  of  male,  1.4  mm. 


.  Fia  117G.   Ditj 


fifthCSl'i 


II  (lo)       Left  fifth  foot  of  male  shorter  than  right i> 

IS  (15)       Left  fifth  foot  reaching  beyond  first  segment  of  right  enopodite. .    13 
13  (14)        Terminal  hook  of  right  exopodite  uniangukr,  right  endopodite 
equal  in  length  to  first  s^ment  of  exopodite. 

Diaptomus  reigkardi  Maisb  1895. 


This  has  been  found  in  only  four  localities,  —  Intermediate 
Lake  and  Crooked  Lake  in  nortiteni  Michigan,  a  lake  on  Beaver 
Island  [o  Lake  Michigan,  and  Sodus  Bay,  N.  Y. 

Length  of  female,  1.14  mm. 

Length  of  male,  i.oi  turn. 


FifUi  reel  of  mile  DiatKmmi  rttthtrii.     X  u 


Terminal  hook  biangular,  right  endopodite  large,  longer  than  first 
segment  of  exopodite. 

Diaptomus  misiissippiensis  Marsh  1894. 


The  most  ccmmoo  form  of  the  Southern  Stales;  it  is  abundant  all 
through  the  states  bordering  on  the  Gulf. 

Length  ot  female,  1.1  mm. 
Length  of  nuU^  i.i  mm. 


Pbl  111S.    Fifth  Icct  of  Dule  Z>>aj 


tDiaHema 
(OnilulJ 
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15  <i3)        Left  fifth  foot  of  male,  reaching  end  of  first  segment  of  right  exopo- 

dite,  or  only  slightly  exceeding  it 16 

16  (17)        Antepenultimate  segment  of  right  antenna  of  male  produced  at 

distal  end  into  a  blunt  point,  first  segment  of  ri^t  exopo- 
dite  of  fifth  foot  with  marked  quadrangular  hyalme  appen- 
dage  Diapiomus  birgei  Marsh  1894- 


Fra.  I1T9-    DlatMmaUn 


Antepenultimate  segment  of  right  antenna  of  male  not  produced 
into  blimt  point  on  distal  end 18 

Inner  process  of  the  terminal  segment  of  exopodite  of  left  male 
fifth  foot  falciform,  no  hyaline  appendage  of  first  segment  of 
right  exopodite Diaptomu  paUidm  Hemck  1879. 


Occurs  in  Misdsuppi  Vollry,  u  Iti  wot  u  the  foothills  of  Che  Rocky 

Mounuina,  but  is  comparativdy  nre  north  <^  Iowa  and  IllincHs. 
Loigth  of  female,  i.i  mm. 
Length  of  male,  1.04  mm. 


,    Filth  [Mt  al  male  Diithmms  fUidtu. 
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9  (iS)  Inner  procesa  of  terminal  segment  of  left  exopodite  of  male  fifth 
foot  digitifoim,  hyaline  appendage  on  internal  distal  angle 
of  first  segment  of  right  exapodite. 30 

o  (31)  Lateral  spine  of  second  segment  of  right  ezopodite  nearly  straight, 
no  blunt  spine  on  posterior  surface  of  this  segmenL 

Diaptomut  lyreUi  Poppc  18S8. 


Widdy  tfntd  In  the  mounUia  laka  al  the  Wot. 
Lcncth  al  (enule,  i.i  mm. 
Lengtb  of  mate,  i.ij  mm. 


A  second  hyaline  appendage  on  dorsal  side  of  distal  margin  of  first 
segment  of  right  exopodite,  lateral  spine  of  second  segment 
of  right  ezopodite  strongly  curved,  and  a  blunt  spine  on 
posterior  surface  of  this  segment 

Diaptonats  coloradetuit  Marsh  1911* 


In  tbe  Rocky  Mountalni  in  Colondo  D.  lyrdli  li  rcfdaced  by  tMs  dowly 
allied  ipedes' which  is.  ivpucnUy,  the  duuacteiistic  apedet  of  the  roouo- 
taiD  lake*  of  Colorado. 

Lensth  at  female,  1.3S  mm. 

LcD^  of  male,  i.ji  mm. 


Fn.  iiSj.    nfth  feet  of  male  DteffHHiobraJauA.     Xtaa.    <OiiflaaD 


33  (9)         Antepenultimate  segment  of  male  right  antenna  with  lateral  lamella 
or  temiinal  process '3 

23  (36, 4a)  Antepenultimate  segment  of  right  antenna  of  male  with  hyaline 
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I^aline  lamella  broad,  extending  beyond  the  end  of  the  segment, 
second  basal  segment  of  right  exopodite  of  male  &fth  foot 
armed  on  tbe  posterior  surface  with  smalt  hook. 

Diapitmus  leptopus  Forbes  1882. 


Found  EenenUy  distributed  through  tbe 
HiauaipplVtlley,  tad  ateading  Into  CioMdm. 
Hu  variety  fiidnat  ocean  in  loine  ot  the 
more  nortbem  collectioni  tni  u  fu  west  u 
Flithcad  Lake,  Montana.  ThLs  diflera  from 
tyiika]  Itplepui  mainly  in  the  greater  kngib 
o(  the  endopoditet  of  tlie  male  fifth  feet  and 
in  tbe  fact  that  in  the  female  GIth  feet  the 
thiid  argment  of  the  eiapodile  ia  indistinctly 
acfiarated  and  armed  with  two  spines  with  ■ 
third  one  present  on  the  secand  scgmemt. 
llis  third  spiae  a  absent  in  ttploput. 
Length  of  female,  i.J  to  i.Sg  mm 


Fid.  11B3.  Diaplamiu  ItHtfui,  male.  / 
minal  •tcmnits  of  rjaht  ulama.  X  iS. 
fifthleel.    xaj.    ^giiiaU 


as  (34)        Hyaline  lamella  narrow,  extendmg  beyond  the  end  of  the  segment 
slightly,  if  at  all;  first  basal  s^ment  of  right  fifth  foot  of 
^-y*  ^nlftnale  armed  with  hook  equal  in  length  to  first  segment  of 
f*        *  jUjezopodite. iMa^tomws  da»pes  Schacht  r897. 

Has  been  found  in  thice  locali- 
ties, in  West  Olcoboji  Lake,  Iowa, 

OBar  IJDcoln,   Nebnuka,   and  at 
Greel^,  Cdorado. 

Length  of  fsnale  Iram  t.37 


36  (23, 43)  Antepenultimate  s^ment  of  right  antenna  of  male  bears  a  slender 
straight  process. 37 
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27(33,35)  Frooeas  much  shorter  than  penultimate  segment 38 

38  (31)       Right  eiKlopodite  of  male  fifth  foot  mdimentaiy 39 

ag  (30)        Lateral  ^>ine  of  second  segment  of  dght  ezopodite  of  male  fifth 
foot  terminal Diaptomus  Unloni  Foihes  iSg^. 


Found  Id  YeUow- 
itone  Pufc  and  in 
the  vallnr  of  the 
Gal U tin  River, 
Moatuu. 


Fio.til].  ZNaMMMU 
UUhh.  A.thbltn 


Latenl  spine  of  second  segment  of  right  ezopodite  of  male  fifth  foot 
near  the  proximal  end.  .  Diaplonuu  trybomi  IJUjeboigiSSg. 


>c  Gnane  ud  Ridiud.) 


Tbc  fintfnnnl  procoa  is  dftitatf  od  the 
meOlcaL    Hm  Imcd  found  only  In  OrcBoo. 

Length  of  ftnule. 
Length  of  male,  i . 


margin  and  the  tbdomea  of  tlw  fenule  avDS- 
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31  (18)        Right  endopodite  of  male  fifth  foot  about  equal  in  length  to  fint 
it  of  exopodite.    .   .    Diapumusjtidayi  Marsh  1907. 


Fn.  1187.     DUUnUU  JiiityL    .4,  tonkil  i^naili  ol  rUtt  uUom  of  bbIl     X  igo.    B,  fifth  tet 

of  oak.     X  141.    C.tbdaatucHamJT  Xl6i.    (OrifluU 

Litenl  ipine  of  tbe  •ecoiid  Mgrnent  of  Uk  dglit  enpodite  U  median,  6nt  Kgmeat  of  Um 

female  abdomen  hai  a  procsu  on  the  poaterira  mai^a  on  the  right  aide.    Hat  beea  found  only 

In  the  mountaios  of  Colorado. 


33  (37,35)  Process  nearlyorfullyeqiialspenultimate  segment 

33  (34/       Right  end<qx>dite  of  male  fifth  foot  equals  in  length  first  s 
of  exopodite,  spines  of  first  basal  segments  large. 

Diapiomus  letuacaudmiu  Matab  1907. 
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34  (33)       Right  endopodjte  of  male  fifth  foot  exceeds  length  of  fiist  segment 

of  exc^Mdite,  spines  of  first  baaal  s^menta  small. 

Diaptomui  licitts  Forbes  1883. 

Fotmd  In  the  Gntt  Lakei.  being 
the  most  abundukt  form  ukea  in 
UnuKtic  coUectioDi;  found  to  lome 
extent  in  other  Idee*  in  the  nine 
senoal  region.  It  i^  u  k  nde^ 
confined  to  the  luiet  and  deeper 
IaIcc*.  It  ii  (requoitlr  found  auo* 
dated  with  D.  oMttHdu  but  Is  read- 
ily dUtinguidied  hj  the  ilender, 
vymmetncd,    acUe-eheped    book 

iWit  fifth  foot  li  the  mile;  this  ii 
not  ■  duncteiistic,  however,  that 
will  distinKUiah  it  frotn  apaata 
found  In  other  locaUtiea. 

Length  of  fonale,  i.ij  mm. 
Length  el  malfc  1.15  mm. 
no.  it8».  DiafOMU  ikOh,  nwle.    4,  unfcid  M^MnM  it 
liffatuMODi.    XiM.    AfifthlM.    XiM.    (OfiftaaL) 

35  (17,  31)  Process  exceeds  in  length  penultimate  segment. 36 

.  36  (39)  IxUge.  Lateral  spine  of  second  segment  of  exopodite  of  ri^t  fifth 
foot  of  male  tenninal  or  nearly  so 37 

37  (38)  Process  of  antepenultimate  segment  of  ri^t  antenna  of  male  only 
slightly  longer  than  penultimate  segment,  antennae  equal  in 
length  to  cephalothorax. 

Diapfomus  dwzkone  Foibes  1S93. 


or  eharacteiiatic  U  the  nMnmtatn  lakes  u 
D.  TyrdU  P<vpe.  although  tUi  glint  spe> 
des  is  by  no  means  uncommoo,  and  is  eme- 
dally  striking  because  conuDoniy  cokind  a 
bright  red. 

Leigth  of  female,  2.9  mm. 

Length  of  m«U,  1.5  mm. 


X  isir   B,  tomtaul  scvwati  ol  liiU  ■ 
X180.    (Ori(liBL) 
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b  fuica DiapUmus  viardi  Peane  1903. 


WHUngtoiL 

Length  <rf  latale,  1.9  mm. 

Lcosth  of  male,  1.6  min. 


39  (36)  Small.  Lateral  spine  of  second  segment  of  il^t  exopodite  of 
male  on  proximal  half  of  segment,  antennae  reaai  beyond 
furca 40 


40  ()■)  Lateral  ^ine  of  second  segment  of  right  exopodite  of  male  fifth 
foot  abort,  ri^t  endopodite  ludimentaiy,  endopodites  of 
feoiale  fifth  feet  rudimittary. 

Diapitmuu  minutus  Lilljeboig  1S89. 


Northnn  United  Stttti  and  north 
to  GreenUnd  and  I^uid.  It  is  one 
al  the  moat  eaaly  reoognlied  apecici 
beaiue  of  the  broad,  sabet-like  book 
00  the  right  fifth  foot  of  the  male  and 
the  rudimentuy  endopodite*  ol  the 
fifth  feet  of  both  wxes.  ttUcommon 
in  the  waten  of  the  Great  Lakes,  but 
that  is  as  far  south  as'one  nwy  eipcct 


of  male.    X  iM.    B. 
XSOB.    (OritfaaU 
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Latenl  spine  of  second  segmeat  of  right  exopodtte  of  male  fifth 
foot  long,  right  eadopodite  equals  in  length  first  segment 
of  exopodite. Diaptomm  ashlandi  Marsh  1893. 


Found  to  the  Gnat  Lakra  and  uaM 
lake*  immcdiatdy  connected  with  than 
and  wot  to  the  Sutc  of  Waihioston. 

Length  ol  female,  0.OT  mm. 

Lenctli  cf  male,  0.80  mm. 


43  (23, 16)  Antepenultimate  segment  of  right  antenna  of  male  bears  curved 
process 43 


43  (46)        Process  equals  or  exceeds  in  length  penultimate  segment 


4  (4s)  Process  about  equals  in  length  last  two  segments,  second  basal- 
segment  of  right  fifth  foot  of  male  dilated  on  inner  margin, 
endopodites  of  fifth  feet  in  both  sexes  indistinctly  two- 
segmented Diaptomus  eitem  Lilli^iorg  1889. 


Ha>  been  found  only  In  Califonls 
and  Nebruka. 

Length  of  female,  4  mro. 
Length  of  malei  3.5  mm. 


Fn.   1 194.    Diamrm 
XjS.      B,    tBah-' 
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Process  lightly  exceeds  in  Imgth  peoullimate  segment,  second 
ba»l  segment  of  rigbt  fifth 
foot  of  male  not  dilated  on 
inner  margin,  endopodite 
of  left  fifth  foot  one-seg- 
mented. 

Diaptomus  fraticUcanus 
Lilljeborg  1889. 


Flo.  1195.     Dtaflamm  trtmixaiau.   mik.     _ 

«0MBti   of   rkbt    utauia.      X  »e.     S.   fifth    fat. 
Xm.    (AftsDeGuniKUHlKkbud.} 

46  (43)        Process  shorter  than  penultimate  segment 47 

47  (66) .       One  or  both  terminal  processes  of  last  se^oient  of  left  ewpodite  of 

male  fifth  foot  distinctly  faldform 48 

48  (56)  63)  Right  endopodite  of  fifth  Eoot  of  male  small,  shorter  than  first 

segment  of  ezopodite 49 

49  (53)        Terminal  segment  of  right  tzopodite  of  fiftli  foot  o(  male  elon- 

gate      so 

50  (51,  5a)  In  fifth  foot  of  male  right  endopodite  rudimentary,  left  endopodite 

two-segmented  and  spatulate-in  form. 

Diaftomus  spatulocrenatta  Peane  1906. 


Found  in  Nev  England. 
Leosth  of  female  1.51  nn 
Lengtli  of  nule,  1.31. 


Flo.  I196.    FifUi  feet  ol  B 
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SI  (50.  sa)  Tenninal  segmeal  of  right  ezopodite  of  fifth  foot  of  male  much 
broader  at  distal  cod,  lateral  spine  nearly  tenninal  and 
stiBight,  left  endopodite  elongate- 

Diaptomtit  conipediUus  Maiah  1907.. 


Found  in  Louisuia. 
Lcn^tli  of  fenule,  1.49  i 


51  (50, 51)  Tenninal  hook  of  ri^t  exopodite  of  fifth  foot  of  male  faldfonn, 
lateral  spine  at  distal  third  of  segment,  sea>nd  basal  seg- 
ment of  right  foot  brood  at  distal  end  with  process  at 
extenial  distal  angle. 

"•    ■  '      t  Forbes  1876. 


Mtnlidppi    VtUqr-      Occun    In 
qving,  in  aUfnuit  pools. 
Length  of  femak,  1.4  to  a.ta  mm. 
Laiglb  of  male,  i  to  j  (tun. 


F».  iigS.     DUfUmia  MMwfowt.     A,  U- 

man  ^  t^bt  tOaaall^St.     X  ■«}.     3,  & 
fntofnoe.    X  no.    (OiltluL) 
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53  (49)       Termiiisl  segment  of  ri^t  ezopodite  of  male  fifth  ffet  of  usual 

length,  lateral  spine  tenninal 54 

54  (ss)  lonet  suriace  of  left  endopodite  of  male  fiftb  foot  rugose,  terminal 
spines  of  endopodites 
of  female  fifth  feet  very 
long. 

Diaptamus  slagnalts 
Forbes  1882. 


A  veiy  Urn  ^lec 
fouDd  in  the  HiMiHti 
Valley  in  the  spciDg- 

Length  af  female,  4  t< 

Length  at  male,  3.5  tc 


Fn.ii«v-    Ditpimia  UttnaUt.    ^,  Utk  iDdt  a(  loule.     (Afia  Fodx*.} 
B,  ahfa  ha  oTsak.     WU*  BbtU  ud  Turaer.) 


55(54) 


In  male,segmentsof  right  fifth  foot  short  and  broad,  terminal  hook 
long  and  strongly  curved,  lateral  spine  long  and  straight; 
in  female,  dorsal  process  on  fifth  cephalothoradc  segment, 
endopodites  of  fifUi  feet  short  and  one-segmented. 

Diaplomus  ioltiilimu  Brewer  1S9S. 


Found  in  Nd>nak«.  Length  of  female,  i.j  nun. 
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S6  {48)  63)  Right  endopodite  of  fifth  foot  of  male  distinctly  longer  than  fiist 
segment  of  exopodite 57 


57  (60)        Second  segment  of  ri^t  exopodite  of  male  fifth  foot  has  oblique 
ridge  on  posterior  surface 58 


58  (sg)       Fint  segment  of  right  exopodite  of  male  fifth  foot  has  transverse 
ndge  on  the  posterior  surface. 

DiapumMS  aiymmelricus  Marsh  1907. 


In  the  BMie  fifth  foot  the  Uteral 
iplne  at  the  tennbul  NgmcDt  u 
■Inut  one-lud(  u  tong  u  the  les- 
tneut;  the  fint  a^meiit  of  the  femaJe 
■bdomoi  hu  a  prominoit  iwellinc  od 
the  right  ilde.    Found  in  Cub*. 

Length  of  femalft  i.3g  mm. 

Length  of  male,  1.16  mm. 


59  (58)        First  segment  of  right  exopodite  of  male  fifth  foot  has  two  curved 
processes  on  postenor  surface. 

Diaptomus  dorsaiit  Marsh  1907. 


tpne  of  the  tenninal  segment  ecjuile 
at  eiceedt  In  length  the  aegmenti  the 
fifth  ceidulothondc  segment  of  the 
femtk    i*    armed    with    tno   doisd 


Florida  and  probably  in  other  itatei 
hindering  on  the  GuU  of  Meiico. 

I.ragtb  of  female,  1.13mm. 

Lengthofmal^  1.069  ma. 


10.  iioi.    Diaflammi  itulU. 
B,  pnfle  <und  HolaDe  of 

(drJgliiaL) 


t  x3- 


.dbyCoOgIC 


FRESH-WATER  BIOLOGY 


60  (57)       Second  segment  of  r^t  ezopodite  of  fifth  foot  of  male  does  not 

have  oblique  i^ge  od  posterior  surface. 61 

61  (6a)       Lateral  spine  of  terminal  segment  of  right  exopodite  of  male  fifth 

foot  terminal,  endc^odites  distinctly  two-segmented. 

Diaptomus  baheri  Marah  1907. 


In  tlw  iemtit  fiRIi  fool  die  a_, 

disdoOl]'  two-Ktmented.     Found  In  Csli- 
Lengtb  of  lenule,  i. 


63  (61)  Lateral  spine  of  tenninal  segment  of  right  exopodite  of  male  fifth 
foot  situated  on  distal  third  of  segment,  ri^t  end(^x>dite 
indistinctly  two-segmented,  left  one-segmented. 

Diaptomus  wajkinglaiieiwu  Marsh  1907. 


Kgment  li  the  b 
bu  a  digidform  procos 
DD  the  right  pottcflix 
border.  Found  In 
Wufaiiistoa. 

Laigthof  female, 

1.187  mm. 

length  of  male, 

I.U7  nun. 
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^3  (48,  sO  Kl^t  endopodite  of  fifth  foot  of  male  equals  or  only  slightly  ex- 
ceeds first  s^ment  of  ezopodite 64 

64  (65)  Terminal  segment  of  n^t  ezopodite  of  male  fifth  foot  has  cMique 
ridge  on  posterior  surface,  lateral  spine  exceeds  se^ent  in 
length Diaplonaa  albuquerquettsis  Hemck  1S95. 


_ __e  Indi- 

atta,  thii  (onn  wu  origtully  deaoibed  fay  Htr- 
ric^  from  materiil  coUeded  in  AlbuqnaaiK,  N.  U. 
It  ii  [aand,  hovrever,  from  Colondo  to  tbe  Oty  of 
Mexico,  ud  Menu  to  be  «  tviiical  fam  of  ths 
Southwat. 

L«ncth  <A  femaie,  1.76  mm. 

LcDgtli  ol  mile,  1.58  mm. 


"■CTtt. 


6S  (64)  Terminal  Begment  of  right  empodite  of  male  fifth  foot  does  not 
have  oblique  ridge  on  posterior  surface:  lateral  ^line  short, 
about  one-half  length  of  segment. 

Diaptomus  tuvamanoMnu  Herrick  1895. 


Ph.  itet.    Fifth  fartoT 
._  jwTuuinHcnfck  ud 


^  (47)  Teiminal  processes  of  left  ezopodite  of  fifth  feet  of  mole  dlgtd- 
form,  right  endopodite  shorter  than  first  segment  of  ezopo- 
dite.     67 
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ti7  (70)        First  s^iment  of  exopodite  of  male  fifth  foot  without  hyaline 
appendage 68 


Ri^t  endopodite  of  male  fifth  foot  triangular  in  form,  first  ab- 
dominal segment  of  female  has  digitiform  process  on  rl^t 
posterior  border Diaptomus  nudus  Marsh  1904. 


I   oaa  Pike's  Poik, 


69  (68)  In  male  fifth  foot,  second  basal  s^moit  with  hyaline  a|»endage 
on  inner  margin,  first  segment  of  right  exopodite  wiui  trans- 
verse ridge,  second  segment  with  obUque  ridge  and  hyaline 
process  near  the  outer  mar^. 

Diaptomus  purpureus  Marsh  1907. 


Found  in  Cuba.    This  is  a  con^xcuoiu  qiedn.  both  oa  acanint  of' 
the  latR  «ia«  and  the  purple  aioi  of  the  f uicae.  furcal  setae,  and  diUal 

Length  of  fpnale,  1.56  nun. 
Length  itf  male,  1.14  mm. 


Flo.  i»g.   Fifth  lect  of  male  UdftvMU  fwfarM). 
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Fint  segment  of  right  esopodite  of  male  fifth  foot  has  hyaline 


71  (73)       Hyaline 


le  appenda^  of  fint  segment  of  exopodite  of  mole  fifth  foot 
at  inner  distal  angle,  endopodite  of  right  foot  about  equals 
first  segment  of  exopodite. 

Diaptomiu  signicauda  lilljeborg  1889. 


Hie  fint  Bcgmeiit  of  the  ■ 
tba  (enule  ha*  ■  dicitifonn 
the  risfat  poateijot  border, 
motmuin  reglr—  '  — 
States.  It  repraenu  a  croup  01 : 
that  are  found  Id  the  mountain  1 
of  the  weatem  part  of  the  United : 
The  peculiar  appendase  of  the  fir 
ment  of  the  female  abdontea  bat 
the  name  to  the  tptde*.  and  ii  4 
teiislic  of  the  ^up.  CoQectioiii 
Rocky  Mountiiiu  and  farther  m 
likely  to  contain  this  or  allied  ipet 
Length  of  female,  0.93  mm. 


'eateni   United 


liven 
in  the 


73  (71)  Hyaline  appendage  of  fint  segment  of  exopodite  of  mole  fifth  foot 
on  inner  distal  half,  endopodite  of  right  fifth  foot  much 
shorter  than  first  segment  of  exopodite. 

Diapumua  siaioides  Lilljeborg  1SS9. 


Found  in  the  MiBsnippI  Vallw  and  west  to  CaUfomia.    KtD.  anf*- 
—'<  is  t^cd  of  the  Koithero  SUtefc  •»  D,  licOtUti  mts  be  cr— ' -"---■ 
IthaaSeenfo 


a  Uttle  farther  to  the  south. 


the  eidurive  form,  i»  m . 
along  the  Ohio  River. 

Length  of  female,  i. 
Length  of  mal^  1.0: 


73  (3,  S)     Ecidopodites  of  first  swimming  feet  composed  of  three 


.db;CoogIc 


774 

74  (75) 


FRESH-WATER  BIOLOGV 


of  ail  swimming  feet  composed  tA  three  segments, 
antennae  of  33  segments  (accordmg  to  Herrick  34),  furcs 
short.    Only  one  species. 

OspkrauHcum  labrtmeclum  Forbes  18821 


in  o^cctioni, 
LeoKth  of  female,  1.7  n 
Length  of  male,  1 .36  m 


75  (74)        Endopodites  of  all  swimming  feet  composed  of  three  segments, 
antennae  of  35  s^ments,  furca  long. 

Limriocalanus  m 


Found  (wly  In  deep  lakei.  It  ii  eipedalb'  intetestiiiB,  ai  it  is  the  onlpr 
■pcda  of  tbe  Ccntiopagidie  found  in  both  Europe  and  Amoica.  It  ■• 
widdy  dUtributed  in  nortbem  Europe  and  Asia  and  ii  found  in  salt  water 
ai  wdl  as  in  fresh.  It  b  considered  a  r^nsentative  d  the  "fauna  re- 
licta,"  that  is,  it  is  a  salt  water  form  which  has  become  adapted  to  the 
It  of  fresh  VKter. 

Length  of  female,  1.4  mm. 
LcDsth  ol  male.  3.1  mm. 


76  (a)  Antennae  short,  never  longer  than  cepfaalothoraz,  generally  much 

shorter,  and  compceed  of  from  six  to  seventeen  segments; 
antennae  of  male  symmetrically  geniculate;  fifth  feet  rudi-, 
mentary,  composed  of  from  one  to  three  segments. 

Family  Cyclopidae. 
Only  one  genus.    .   , .   ,   .    Cydops  .   .  77 
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■nnature  o(  the  antenoal  segments,  espedslly  of  the  tenraaal  segmenU; 
*  "  ■  the  fonn  and  armature  of  the  furcal  lU 
lentary  fifth  feet; 


:  abdomen,  especially  the  fonn  and 


form  and  armati 
These  lait  St 

77  (98)        Antennae  composed  of  twelve  or  more  segments 78 

78  (92, 93)  Antennae  compvosed  of  seventeen  segments 79 


Fifth  feet  composed  of  one  segment  anned  with  one  spine  and 
two  loDg  setae Cyclops  ater  Henick  1882. 

It  JB  a  laige  dark-cotored  9| 
widely,  and  growing  in  shaUow  water. 
bowevet,  it  is  a  rare  form. 

Length  ol  female,  1.77  to  1.S8  mm. 
Fio.  iitj.    FEtIb  (»«  of  Cydaps  star.    X  196.    (OHruL) 

80  (79)        Fifth  feet  composed  of  two  segments 81 

Si  (84,  89)  Second  segment  of  fifth  feet  armed  with  seta  and  short  spine.    83 

8^  (83)  Spine  of  second  segment  of  fifth  feet  small  and  near  end  of  seg- 
ment; last  three  segments  of  female  antenna  without  hya- 
line membrane Cyclops  viridis  Juiine  i8ao. 


79(80) 


-^ 


A  widely  distributed  spedes,  being  found  both  in  pools  and  lakes.  It  varies  greatly  in  its 
form  and  general  appearance,  so  that  it  has  [cceived  a  number  of  diSvent  spedtic  names, 
which  are  now  reduced  to  varieties,  since  It  has  been  found  that  there  are  iutermediale  fornu 
■bowing  all  the  stages  between  the  extremes.  When  living  in  pools  it  is  apt  to  be  deeply 
colored,  while  its  relatives  living  in  the  open  waters  of  our  lakes  are  colorless  and  almost  trana- 
mrcDt.  Espedally  noticeable  is  Che  difference  in  the  form  of  the  furcal  rami,  as  shown  in 
Figs.  1114  and  1:15.  The  forms  found  in  pools  generally  have  comparatively  short  and  stout 
furcal  rami;  on  the  other  hand,  the  forms  in  deep  waters  have  long  and  slender  furcal  rami. 
Even  in  the  limnetic  forms  there  is  wide  variation.  In  ty[»cal  virUis  there  is  a  shwt  seta  on 
the  outer  azigle  of  the  furcal  ramus.  This  is  replaced  in  the  form  which  Herrick  called  brni- 
jfiiutut  by  a  short  broad  spine.  This  variety  is  a  common  limnetic  form  in  some  classes  of 
lakes;  a  form  with  the  furca  armed  at  Its  outer  azigle  with  a  seta  like  typical  tiridts,  but  diSeriog 
.  from  viridis  in  the  structure  of  the  swimming  feet  and  of  the  fifth  feet,  called  americanui,  is 
conimon  in  shallow  waters,  and  is  the  variety  that  is  most  frequently  seen  in  the  waters  of  the 
United  States.  Wherever  a  collection  is  made  one  is  likely  to  get  some  form  of  nrtdti,  and 
gcncnlly  it  wHI  be  americoHus. 

Length  of  female,  i.ij  to  i.j  nun. 
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Spine  of  second  s^meut  of  fifth  foot  stout,  located  at  about  middle 
of  s^ment;  last  three  segments  of  female  antenna  with 
delicate  pectinate  hyaline  membrane. 

Cydops  slrenuus  Fischer  1851. 


It  is  one  of  the  moH  oommoo  («rau  00  tbe  caotiiieDt  ol  EuT^>e,  but  hia 
been  found  in  America  in  only  one  locality,  —  a  pond  in  tbe  Adilondsdu,  It 
is  probable,  o(  coune,  that  it  will  be  found  in  otttec  localities,  but  it  is  *  curi- 
oui  fact  that  hftherto  it  has  been  found  only  In  a  tingle  coUectioo.  In  its 
senetal  fonn  It  closely  resembles  airidis. 

Length  of  female;  1.35  mm. 


,    Fifth  toot  of  Cytltfi  il 


Xisl.    (OiiduL) 


84  (81,  89)  Second  segment  of  fifth  feet  anned  with  two  setae 85 

85  (86)        Second  segment  of  fifth  feet  elongate,  inner  setae  spine-like,  much 

shorter  than  outer.  .   .   .     Cydops  bUuspidatus  Claus  1857. 


Fio.  uiR.    Abdo-  Flo.  iiio.   FIfUifoot 

■UD  lA  Cydafi  bi-  of  Cytlati  NcwM- 

tttifiialiu,   var.  rfalvi.        X  iir. 

■  aim.       X  61.  (OrigiuJJ 
(Origiul.) 

only  has  a  lateral  seta  at  a  littk  mote 

than  one-baif  Its  length,  but  it  has  a  Uttle  depression  armed  with  minute  apioes  on  its  outer 
marginal  a  little  leas  than  ooe-fourth  of  its  length.  These  chaiacteristici— the  poation  of  the 
lateral  seta,  the  lateral  depreuion  with  the  donated  fuica  — are  presumptive  evidence  tlua  ■ 
■pedes  wi  th  seventeen  segmented  antennae  is  btcuttidattii.  If,  in  addition,  one  can  make  out 
the  tm>  terminal  setae  on  the  second  segment  of  the  fifth  feet,  he  can  be  pcet^  certain  ef  his 
identificatloD.  Cychft  biciu^JaUa  it  moH  commonly  a  limnetic  spedes,  and  is  the  Cyclepi 
whidi  may  be  considered  as  cbuacteiistic  of  the  Great  l^es.  While  the  form  described  and 
figured  is  the  common  one;  this  qtedes  has  varieties  similar  to  those  noted  for  riridii,  and  we 
sometimes  find  in  pools  a  form  agreeing  in  general  structure  with  the  typical  lorms;  but  with  a 
short  furca.  This  modification  was  named  nanu  by  Herridi,  and  the  name  can  be  well  retained 
as  a  varietal  distinction,  //atus,  however,  is  not  90  comm<Hi  in  pools  as  the  cotteqianding 
variety  of  nrtiii.  I^.  1 1 18  shows  the  typical  form  of  furca  In  MciupiifiUiu,  and  Fig.  iiig  the 
form  [n  the  variety  mam. 

Length  of  female,  i.i  nun. 

86  (85)        Second  segment  of  fifth  feet  short,  armed  with  two  nearly  equal 
setae 87 
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Setae  of  fifth  feet  very  elongste,  last  antennal  s^ment  armed  with 
serrate  hyaline  plate;  common. 

Cyciopi  leuckarti  Claus  1857. 

TUa  ipedcs  a  euUy  recogoiied  fnjm  tbc  fonn 


ni.  with  the  lateral  letae  ptued  U. 
■bout  midway  oi  iu  length.  If  one  can  make  out 
the  iCnictute  of  the  fifth  feet  (Fig.  mil,  he  caa 
be  quite  >uie  □!  the  idencifii&tion;  tor  no  other 
American  q>edes  has  this  form,  with  tbe  ctcep- 
tjon  o(  (MHu,  and,  ao  far,  ttrntis  baa  bem  found  Id 
imly  (me  locality.  Thia  nedes,  u  has  been  noted 
JD  another  place,  ii  pcculiariy  inlfrestiDg;  for  it 
ii  aluoat  wixid-wide  In  its  diMribution,  having 
been  found  in  all  continents.  Moreover,  tbe  little 
V^ations  which  are  found  io  details  of  structure 
are  also  wnld-wide,  to  that  change  of  location 
seems  to  have  no  effect  on  the  spedes. 
Length  of  female.  1.14  mm. 


8  (87)        Setae  of  fifth  feet  of  moderate  length,  last  antennal  segment  with- 
out hyaline  plate Cydops  lamia  Marsh  1910. 


,    Fifth  foot  ol  Cydnfi  teiHfi. 


89(81,84)  Second  segment  of  fifth  feet  aimed  with  three  setae 90 

90  (91)  With  sensory  dub  on  twelfth  antennal  segment,  hyaline  plate  of 
seventeenth  antennal  segment  smooth  or  serrate,  egg  sacs 
standing  out  from  abdomen.  .    Cyclops  albidus  Jurine  1810. 


ne.ias].   Cytlif1*l*"-    •<. 'bdoasa  ol  femik.    X  CS.  ,  S.  tonrU  tMt  ol  tune.     Xhj. 
C,  Sf th  tot  o(  taow.    X  ))7'   <Origlaal) 
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With  sensory  h&ir  on  twelfth  antenna!  segment,  hyaline  plate  of 
seventeenth  antenna!  segment  deeply  notched,  egg  sacs 
lying  dose  to  abdomen.    .   .   .    CydoPs  futcus  Junne  iSao. 


Cyda^fiuaa  sod  C.  albldia  roemble  eacb  otba  venr  dotdy,  tod  It  U  only 
by  a  careful  uumiiuition  that  they  can  be  dlstinsuiBheo.  They  ace  veiy  com- 
moo,  eapedilh'  in  pond  coDectioa^  Cyclops  aibidiu  bdng  [ouDd  much  the  man 
frequently.  They  are  much  larger  than  C.  Uuciarli  and  the  furcal  armature  de- 
fers in  that  the  lateral  acta  is  placed  oeu  the  end  of  the  nunue  <Fig.  1 313).  The 
fonn  (rf  the  &fth  feet  and  of  the  furcal  rami  will  readily  lenre  to  show  wheo  we 
have  one  of  these  two  species,  and  in  most  cases  it  will  pnve  to  be  CycUfi  dbidnt. 
Length  of  female,  about  2  lom. 

FlO.  iiM'    Aattnnal  iccmtnti  ol  temak  Cydoft  ftaau.     X 


3  (78. 93)  Antennae  composed  of  sixteen  segments,  fifth  feet  of  three  seg- 
ments      Cychpt  modahu  Herrick  1883. 


TUs  spedea  is  comparativd/  rare  altho  it  has  been  found  In  a  cod- 
siderable  aumbci  of  places.  It  cKCurs  as  far  rsst  aa  Pennsytvania,  as 
(ai  west  as  Wyoming,  while  iti  northern  and  soutbeni  limits  are  Wis- 
oooain  and  Alabama. 

Length  of  female  i.i  to  1.15  mta. 


Fin.  iisx.  CjdsM  Mfiailw.  A,  abdonen  <£  . 
fcmalt  Xtn-  B.SItb  kot.  X  44a. 
(Orifiaa) 

93  (78, 93)  Antennae  composed  of  twelve  segments,  fifth  feet  of  one  segment. 


94  (97)       Fifth  feet  armed  with  three  setae, 
three  segments. 


feet  c(»npoaed  of 
95 
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95  (9^)        Furcae  of  variable  length,  armed  externally  with  a  row  of  fine 
;  very  common.   .    .     Cyclops  semilatus  Fiscbez  iSsi. 

The  long  (wdve-sesTneated  uiteruiae  and  the  ser- 
rate margiDccl  latai  rami  serve  to  distjnguish  thii 
spcdes.  The  figure  of  the  abdomen  shows  the  char- 
acteiutic  structuie  of  the  furcal  rami.  There  is  a 
good  deal  of  vaiiatioa  in  the  form  of  ttw  furca. 
Wheo  amiialus  is  limoeCic  in  habiut,  the  furcal 
rami  are  long  and  slender;  this  form  is  kiioiirii  u 
variety  deiw  Herridi.  When  it  lives  in  pools  or 
littoral  watcn,  the  furcal  rami  are  stuwt  uiil  stout; 
this  form  is  known  as  variety  mmlanui  Bradjr-  The 
.„,  abdwnenfigurcd  toay  be  consideredasVpkal  of  Mrrx- 

Fio.  ■»«.  Ctchti  tmaUHtt.  A.  Mn-  t-Mi.Ot^Jiaas  much  longer,  uid  mtmtamuwnt- 
nn  of  tauET  X  G7.  B,  GItli  liiot  of  QNiiidin^y  shorter.  Found  everywhere  the  world  over. 
■UDB.    X  3U.   9]r«iiial,)  Length  of  female,  0.8  to  i  .15  mm. 


96  {95)        FuTcae  short,  without  lateral  r 


r  of  spines. 

Cyclops  prdsmuj  Fischer  i860. 


tegmented  antennae,  b 


\e  limnetic  form.  It  resembles  itrrtdatut  in  its  long  twdve- 
t,  but  its  abdomen  is  verr  different.  The  fun^  rami 
.. .□  the  fact  that  the  lateral  seta  is  placed  at  about  mid- 
way of  the  length,  but  the  spedes  is  disdnguished  at  a  glance,  not  only  by 
its  smaller  size,  but  by  the  tact  that  the  antennae  are  composed  of  twelve 
CiKhpi  prasintu  is  widely  distributed,  especially  in  the  laign 
water.  It  is  commoo  in  the  Great  Lakes. 
Lcogth  of  female,  o^  mm. 


,    Abdomen  ol  female  Cychfi  traiimu. 


'.  ijv.    ((MfiiiBL) 


97  (94)        Fifth  feet  anned  with  one  seta,  swimming  feet  of  two  segments. 

Cyclops  varicans  Sars  1863. 
la  and  Guatemala,  but  there  are  do  autbatic  record*  of  II* 

98  (77)       Antenna  composed  of  eleven  segments  or  less. 99 

99  (103,  103)  Antennae  n>mposed  of  eleven  segments. 100 

100  (loi      Kami  of  swimming  feet  composed  of  three  segments. 

Cyclops  phaleraitu  Koch  1838. 


TVa  stout,  daik-colond  spedes  is  not  unrommon  in  shallow  lakes  and 

stagnant  pools,  and  is  readily  recognixed  by  the  characters  given  in  the  key. 

Length  of  female,  i.i  mm. 


Fm.  131S.    AbdomcD  of  tenulg  Cydtpi  tkalmlai.    X  G9.    (OrlginalJ 
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loi  (loo)    Rami  of  swimming  feet  composed  of  two  segments. 

Cyclops  bicdor  Sara  1863. 

It  U  not  common,  but  11  occuioaBlIy  ttiea.  The  only  ipedai  with 
«Fhlch  it  1>  likdy  to  be  coofuKd  is  thaitralui,  and  the  diBcrence  ]d  the 
MgrncDtation  <d  the  swimming  feet  mikea  the  distinctioD  eaiy,  u  tlie 


nni  h&ve  only  two  aegmeDti.  while  ia  pkaloaiut  they  have  three.    Hie 
filth  foot  coniiiti  of  s  single  segment  and  bears  one  spine. 
Length  of  female,  a.5  mm. 
Fw.  i»e.    Fifth  foot  ol  C^^  Mcdir.     X  4S<>.    (OricbaL) 

102  (99, 103)  Antennae  composed  of  eight  segments. 

Cyclops  fimbriaius  Fischer  1853. 
Is  the  only  sptata  with  antennw  ol  ei^t  •egnuntK  mi,  if  found,  can  eady  be  nocDUed 
by  this  charactenstic  it  one  is  sure  that  he  is  eiamiiunff  mature  fotmi. 

Length  of  female,  0.7  to  a.84  mm. 
103(99.103)  Antennae  composed  of  six  Momenta. 

Cyclops  ae^uoreus  Fischer  i86a 


Found  only  in  brackish  water.  It  lua  b««n  found  in 
Amain  in  waters  coDneded  with  the  Gulf  of  Mexico, 
and  those  mnaected  with  the  Pacific  Ocean  in  Panama. 


104  (i)        Cephalothorax  and  abdomen  not  distinctly  sqwrated,  so  that  the 

whole  body  is  somewliat  wonn-like;  antennae  sliort,  never 
composed  of  more  than  ei^t  segments. 

Family  Hakpacticidae  .   .     105 
An  q)edea  of  Harpactlddae  are  very  minute.    Only  a  few  vedea  have  been  deMiibed  and 
those  very  inadequately.    Probably  there  are  many  undescribed  apedea  and  othn  goicra 
than  those  mentioned. 

105  (loS)    Antennae  composed  of  six  segments,  endopodites  of  all  swimming 

feet  composed  of  two  segments,  segments  of  endopodite  of 
fourth  foot  fused  so  as  to  appear  as  one,  endopodite  of  first 
foot  slightly  elongate;  found  in  fresh  and  brackish  waters, 
in  New  Mexico Marshia  .   ,   106 

106  (107)     Furca  of  female  two  and  one-half  times  as  long  as  broad,  f  urea  of  male 

four  times  as  long  as  broad,  median  furcal  setae  fused  at  base. 
Marshia  albuquerquensis  Herrick  1895. 

107  (106)     Furcae  of  female  and  male  twice  as  long  as  broad,  median  furcal 

setae  not  fused  at  base.   .  Marshia  brevkaudaiaKerTicki&gs. 

108  (105)    Antennae  composed  of  eigUt  segments,  endopodites  of  swimming 

feet  composed  of  two  or  three  segments,  endopodite  of  third 
foot  usually  much  longer  than  exopodite,  endopodite  of  male 
fifth  foot  always  of  three  s^ments. 

CantkocoMphu  .   .     109 
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109  (110)    Anal  plate  without  spines,  or  spines  are  simple,  i.e.,  do  not  have 
two  points no 


HI  (113)    Spines  of  anal  plate  few  in  number,  not  exceeding  five  or  six. 

Canihocampttu  stafkylinoides  Pearse  1905. 


^ 


113  (ill)     Spines  of  anal  plate  numerous. 

Catiikoeampius  staphylinus  (Jurine)  iSao. 


113  (no)    Sides  of  last  abdominal  segment  do  not  have  ^ine-like  prolongation 

caudad 114 

114  (115)    Fuica  bng  and  slender,  nearly  four  times  as  long  as  wide. 

Cantkocamptus  idahoentis  Marsh  1903. 


.  FmMot  tenak  Ctnli^tamttM  Iditfaiii.    Xito.    (OiifluL) 


115  (i  14)  Furca  short,  its  length  not  exceeding  twice  its  width.    .   .  .     iiti 

116(119)  Furca  with  two  setae 117 

117  (118)  Anal  plate  with  spines. .   CatUkocamptus  Slinoisttuis  Forbes  1876. 

1 18  (i  17)  Anal  plate  without  qtines.   .     Cantkocamptus  kiemaHs  Pearse  1905. 

Pm.itM-    Aul  plate  of  faiukCaiiMu«>#*uM«uUi.    X  IM- 
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119(116)    Furca  with  three  setae.  .  CatUhocamplus  northumbricus  BndyjS&o. 
This  19  protMUy,  ntxt  to  nmiiMi,  the  most  widdy  distributed  spedes  in  Nrath  America. 

I30  (109)    Spices  of  and  plale  bifid.  .  .   Cantkocampius  minutus  Claus  1863. 


o  spedea  and  is  found  everywhere  in  the  nmtb- 


Fid.  ius-    The  lut  x 


SiPHONOSTOMATA 

The  parasitic  Copepoda  pass  all  or  a  part  of  their  lives  as  para- 
sites upon  fish  and  other  animals.  They  are  exceedingly  numer- 
ous in  both  salt  and  fresh  water,  and  very  interesting  because  of 
the  strange  forms  which  many  of  them  assume,  —  forms  which 
would  appear  to  be  in  no  way  related  to  the  structure  of  a  copepod. 
Many  of  them  would  be  taken  for  worms.  Some  bore  into  the 
tissues  of  their  hosts,  others  dwell  in  the  gills,  and  still  others  in 
the  nasal  cavities.  One  species  is  very  abundant  on  the  sheeps- 
head  of  the  Central  States. 

The  append^es  are  profoundly  modified  to  adapt  them  to  their 
parasitic  existence.  The  swimming  feet  are  more  or  less  rudimen- 
tary. The  appendages  about  the  mouth  are  modified  into  sucking 
or  prehensile  organs.  The  antennae  are  similarly  modified.  In 
some  the  second  antennae  are  armed  at  the  end  with  hooks  to 
enable  the  animal  to  retain  its  hold  on  its  host.  In  some  that  are 
semiparasitic,  the  appendages  from  the  opposite  sides  are  joined 
together  in  a  sucker.  Sometimes  the  segmentation  of  the  body 
disai^jears  entirely.  The  appendages  in  some  are  reduced  to  mere 
protuberances,  or  may  be  like  roots  penetrating  the  body  of  the 
host. 

And  yet  all  these*  forms  are  free-swimming  in  their  early  stages. 
When  hatched  from  the  egg  they  have  the  typical  nauplius  form 
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of  the  true  copepods,  and  go  through  a  process  of  degeneratioQ 
later.  In  some  the  male  dies  immediately  after  reaching  the  Cyclops 
stage;  in  others,  the  male,  while  highly  organized,  is  very  small  and 
hves  as  a  parasite  on  the  body  of  the  female. 

The  parasitic  Copepoda  are  much  more  numerous  in  salt  water 
than  in  fresh.  In  an  ordinary  examination  of  fresh-water  collec- 
tions one  is  not  apt  to  find  them,  although  the  male  of  Ergasilus 
is  occasionally  seen.  An  examination  of  almost  any  group  of  fish, 
however,  will  show  that  they  are  not  at  all  rare. 

It  is  a  most  fascinating  study  to  compare  the  structure  of  these 
degenerate  forms  with  the  highly  organized  free-swimming  species, 
thus  finding  evidence  of  the  true  copepod  structure  In  animals  that 
at  first  sight  would  seem  to  be  far  removed  from  the  copepods. 
The  structural  relationships  of  these  peculiar  forms  are  only  im- 
perfectly understood,  so  that  no  satisfactory  classification  has  been 
made,  and,  pending  more  thorough  knowledge,  all  are  grouped 
together,  in  a  somewhat  unscientific  way,  under  the  term  "  Siphono- 
stomata."  Although  it  is  well  known  that  these  forms  are  very 
numerous  in  the  fresh  waters  of  America,  the  famUy  of  the  Erga- 
silidae  is  the  only  one  which  has  been  studied  from  a  systematic 
standpoint.  Almost  total  ignorance  prevails  in  regard  to  the  spe- 
cies of  the  other  families.  From  the  studies  in  other  countries 
something  is  known  of  these  families,  and  it  may  be  assumed  that 
representatives  of  all  of  them  can  be  found  in  American  waters. 
For  the  sake  of  completeness  of  record  these  families,  six  in  all, 
will  be  characterized  briefly. 

1.  Ergasilidae.  These  resemble  very  closely  the  free-swimming 
copepods,  the  general  form  being  much  like  that  of  the  Cyclopidae. 
The  second  antennae  are  armed  at  the  ends  with  hooks.  On  the 
ventral  side  of  the  body  of  the  male  there  are  ordinarily  patches 
of  [Hgment  of  a  deep  steel-blue  color.  The  males  are  free-swimming 
through  the  whole  period  of  their  hves.  The  synopsis  of  the 
Erga^lidae  is  adapted  from  C.  B.  Wilson. 

Ergasilus  is  the  only  genus  of  this  family,  and  specimens  are  not 
unfrequently  taken  in  limnetic  collections.  They  have  been  found 
in  nearly  all  parts  of  the  United  States. 

2.  Caligidae.    llie  body  is  flat,  the  caudal  part  of  the  abdomen 
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much  reduced.     The  aotennae  of  the  second  pair  are  armed  vith 
books  at  the  ends,  but  they  are  much  shorter  than  in  the  Ei^asilidae. 

3.  DicheUstidae.  The  body  is  elongated,  the  thoracic  s^;ments 
distinct,  the  abdomen  rudimentary  except  for  the  elongated  genital 
segment.  At  least  the  last  two  pairs  of  swiimning  feet  are  rudi- 
mentary.   The  mamllipedes  are  armed  with  hooks. 

4.  Lemaeidae,  The  body  is  worm-like  and  unsegmented,  and 
the  abdomen  rudimentary.  Processes  growing  from  the  head  serve 
to  attach  the  animal  to  the  host.    The  four  swimming  feet  are 

either  very  small  or  entirely  lacking.  A  represen- 
tative of  this  f  amUy  is  found  on  the  sheepsheads  of 
the  Missis^ppi  Valley. 

5.  Lemaeopodidae.  The  head  is  distinct,  the  rest 
of  the  body  sac-shaped,  and  generally  unsegmented. 
The  second  maaillipedes  are  very  large,  and,  arch- 
ing over  the  head,  are  joined  together  to  form  an 
organ  for  attachment  to  the  host.  Tlie  swimming 
feet  are  entirely  lacking. 

6.  Chortdracanihidae.  The  body  is  indistinctly 
segmented,  and  the  abdomen  rudimentary.  The 
first  two  pairs  of  swimming  feet  are  rudimentary, 
the  others  lacking.     The  second  antennae  bear 

hooks.     The  male  is  small,  distinctly  segmented,  and  lives  as  a 
para^te  on  the  female. 


KEY  TO  NORTH  AMERICAN  FRESH-WATER  ERGASILIDAE 

I  (8)  Head  completely  fused  with  first  thoradc  segment,  with  no  Indl- 
catioo  of  untoni  carapai:e  elongate,  much  longer  th&n  wide, 
and  more  than  half  entire  leng^ 2 


2  (s)          Anterior  margin  of  carapace  evenly  rounded,  first  antennae  hardly 
i  end  of  first  segment  of  second  pair 3 


3  (4)  Second  antennae  one-third  entire  length. 

Ergasilw  funduU  KrSyer  1863. 
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4  (3)         Second  antCDDae  half  the  entire  length. 

Ergasilus  labrads  ErOycr  1863. 


Ro.  iijf.    BttaMat  Mnett.     (After  WBmbJ 


Anterior  margin  of  the  carapace  projecting  stiongly  at  the  center 
in  a  rounded  knob,  first  antennae  much  longer  than  in  1.  .     ti 
Tenninal  claw  of  second  antennae  simple. 

Ergasihu  centrarchidantm  Wright  18S3. 


Both  rami  at  fourth  (cet  tbtee-stpmuited.  FouihI  on  the  funily 
CcDtruchidoe,  the  red^e,  Amblaftilea  tupalrU,  snwU-moutfa  bUcs 
bsM  liicrot**'*"  dtlamuu,  etc 


i3jg.    BtitailiH  CKUfatdiUanim.    (Aftei  WiUooJ 


7  (6)  Terminal  claw  toothed  on  the  inner  margin. 

ErgasUut  caendeus  Wilson  19 11. 


Ful  I1J4.   EruMa  aanlau.    (After  WHboJ 
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8  (i)         Head  fused  with  first  thoracic  segment,  but  fusitn  indicated  by 

distinct  indentations  on  lateral  margins;  carapace  half  en- 
tire length  and  violin-shaped 9 

9  (lo)        Second  antennae  as  long  as  carapace. 

^gasilus  versicclor  Wilson  1911. 


Found  upon  ipedei  of  cmtfilh. 


FW.  1140.    En^iltu  tmialer.    (AftaWilnL) 


10  (9}         Second  antennae  only  one-half  length  of  carapace. 

ErgasUus  chautauquaetuis  Fellows  1887. 

Suborder  Branchtora 
These  is  but  one  family  in  this  suborder,  —  the  Argulidae.  They 
are  ectoparasites  upon  fish,  and  are  commonly  known  as  fish  lice. 
They  have  compound  eyes,  four  or  five  pairs  of  swimming  feet,  and 
the  first  maxillipedes  are  modified  into  a  pair  of  sucking  disks.  In 
connection  with  the  mouth  is  a  true  stinging  organ  which  pene- 
trates the  skin  of  the  host.  They  are  foimd  most  abundantly  in 
the  branchial  chamber  of  the  host,  but  may  attach  themselves  to 
other  parts  of  the  body.  It  is  a  matter  of  interest  in  this  connec- 
tion, as  has  been  noted  by  Wilson,  that  they  attach  themselves  in 
such  a  way  as  to  place  the  long  axis  of  the  body  parallel  to  that  of 
the  host,  so  that  they  will  be  less  likely  to  be  brushed  off  in  its  move- 
ments. To  this  end,  too,  the  under  side  of  the  body  of  the  Argvlus 
is  armed  with  backward-pointing  spines,  which  aid  in  keeping  it 
in  place.  Argulus  is  strictly  dependent  on  the  blood  of  its  host 
for  food,  but  can  and  does  frequently  swim  about  freely.  Inas- 
much as  the  eggs  are  laid  attached  to  stones  and  similar  objects,  it 
must  leave  the  host  at  the  breeding  season.    They  are  not  con- 
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fined  to  a  single  spedes  of  fish  for  a  host,  but  seem  able  to  make 
use  of  a  great  variety,  and  may  even  attach  themselves  to  other 
aquatic  animals,  like  tadpoles.  Some  of  them  can  live  almost 
equally  well  in  both  salt  and  fresh  water. 

The  following  key  to  the  spedes  of  Argulus  which  have  been 
described  from  the  fresh  waters  of  America  is  adapted  from  Wilson's 
paper  on  the  ArgUlidae. 

KEY  TO  NORTH  AMERICAN  FRESH-WATER  ARGULIDAE 

1  (4,  9)     Carapace  lobes  overlap  base  of  abdomea 2 

2  (3)  Diameter  of  sucking  diaks  0.25  mm. 

Argulus  caiostomi  Dana  and  Herrick  1837. 


Spina  on  tntconiie  reduced  in  number,  mull  and  weat; 
abdomen  muJI  and  orbtoilu:  found  on  sucker,  Caletlt- 
miu  cenmunoni,  and  diub  sucker,  Eiimytati  saciUa  0k 


.    ArtlilHitaltilami.    (Alter 


3  (3)  Diameter  of  sucking  dislu  0.15  mm. 

Arguius  americanus  Wilson  1903. 
^nes  00  antennae  large  and  Miong,  reenfoiced;  abdomen  large  and  broadly  cordate.   Found 
oD  mudfiib,  Amia  caht. 

4(1,9)     Carapace  lobes  just  reach  base  of  abdomen 5 

5  (8)         Carapace  orbicular,  wider  than  long 6 

6  (7)  Anal  sinus  narrow  and  slit-like.  .IrftJtMiKrnco/or  Wilson  1903,  male. 

7  (6)         Anal  sinus  broadly  triangular.    .    Argulus  mactdostu  Wilson  1903. 
Anal  pa[alla«  iatrasl;   bases  ol  antennae  widdy  separated;  found  upon  the  muscallonge, 

8  (s)         Carapace  orbicular,  longer  than  nide. 

Arguius  appmdiculotus  Wilson  1907. 
Found  upcn  a  nieker. 

9(1,4)       Carapace  lobes  do  not  reach  abdomen. 10 

10(16)        Swimming  tegs  with  flagella 11 

II  (13)        Carapace  orbicular,  wider  than  long 13 
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13              Abdomen  mediunt,  oval,  anal  sinus  short,  slit-like,  papillae  sub- 
tenninal Arpdus  versicolor  Wilson  1903,  female. 


13(11)       Carapace  elliptical,  longer  than  wide.  . 14 

14  (15)        Flagella  on  anterior  swimming  1^. 

Argulus  lepidositi  Kellicott  1877. 


Canu>ue  dlipdc*!,  lancer  than  wide,  its  lobes  vixy  short, 
barely  covering  two  pairs  of  legs;  abdomen  broad,  tiiangu- 
Itr,  cut  to  the  center  or  bcgrond  with  acute  lobea;  faund  on 
the  gar  pike,  Ijpidatltui  aitau. 


15  (14)        Flagella  on  all  four  pdrs  of  swimming  l^s. 

Arguliu  ingens  Wilson  191a. 


16  (jo)        Noflagellaonswimminglegs.  .    .  Argulus slizosteiht KtUiattti&So. 

ir  beyond;  the 
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CHAPTER  XXIV 
THE   OSTRACODA 

By  R.  W.  SHARPE 

Imlndiit  im  Biilaiy,  Daria  Cliattu  Bilk  Stktcl,  ffrm  Ttrh  City 

An  early  author  says  of  the  Ostracoda,  "these  little  creatures  are 
enclosed  in  a  bivalve  shell  of  lime  and  seem  to  be  very  lively  in 
their  native  element,  being  almost  constantly  in  motion  by  the 
action  of  their  antennae,  or  walking  upon  plants  and  other  solid 
bodies  floating  in  the  water."  Also  "by  opening  and  closing  their 
valves,  they  enjoy  light  and  move  at  their  will,  sometimes  buiying 
themselves  in  the  mud,  sometimes  darting  through  the  water,  the 
humid  air  of  their  sphere.  If  they  meet  with  any  unforeseen  object, 
they  conceal  themselves  all  at  once  in  their  shells  and  shut  the 
valves,  so  that  force  and  address  seek  in  vain  to  open  them." 

The  Ostracoda  are  found  abundantly  in  all  kinds  of  ixesh  and 
salt  waters.  They  owe  their  name  to  the  possession  of  a  two- 
valved  limy  shell,  which  is  hinged  dorsally,  and  encloses  the  entire 
body.  They  are  commonly  more  or  less  bean-shaped  (Fig.  1344), 
and  seen  from  above  (F^.  1255  h)  are  usually  oval  or  egg-shaped^ 
In  many  cases  the  shells  overlap  each  other,  or  there  may  be  a 
ventral  flange  present.    They  average  about  1  millimeter  in  length. 

The  body  of  these  little  creatures  is  not  segmented,  and  is  com- 
pletely enclosed  in  its  bivalved  shell,  which  is  hinged  along  the 
dorsal  margin  by  means  of  a  hinge  ligament,  somewhat  as  with 
the  molluscan  bivalves.  These  valves  are  kept  closed  by  adductor 
muscles,  their  points  of  attachment  being  indicated  by  a  number 
of  lucid  spots  about  the  middle  of  each  valve  (Fig.  12550). 
These  are  called  "muscle  impressions"  and  may  often  be  of  sy^ 
tematic  value.  At  the  anterodorsal  end  of  the  body  is  a  single  - 
eye,  although  it  may  occasionally  be  double.  Most  commonly  the 
shells  of  the  sexes  are  of  the  same  size  and  shape,  although  second- 
ary sexual  characters  may  appear  here.  For  instance,  the  males 
of  the  genus  Candona  are  larger  and  of  a  different  shape  (Fig. 
1300),  while  in  Cypris  and  Notodromas  the  females  are  the  larger. 
7BO 
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Baker,  in  1753,  is  said  to  be  the  first  author  who  sufficiently  de- 
scribed any  of  these  small  forms  so  that  the  description  could  be 
recognized  as  referring  to  a  Cypris.  In  the  work  "Employment 
for  the  Microscope"  an  anonymous  correspondent  describes  an 
Insect  with  a  bivalve  shell,  somewhat  resembling  a  fresh-water 
mussel,  and  gives  a  figure  of  it  lying  on  its  back. 

Linnaeus,  in  his  "Systema  Naturae,"  in  1748,  mentions  a 
q^ecdes  under  the  name  "Monoculus  concha  pedata."  For  many 
years  the  general  term  "Monoculus"  was  in  use  for  all  en- 
tomostraca  until  filially,  in  r776,  0.  F.  Mtlller,  in  his  "Zoologiae 
Danicae  Prodromus, "  first  established  the  genus  Cypris,  as  well 
as  a  number  of  other  genera  of  the  entomostraca. 

In  1S94  G.  W.  Milller  published  his  masterly  work  on  the  Ostra- 
coda  of  the  Gulf  of  Naples.  .His  descriptions  and  figures  are  most 
carefully  and  accurately  made,  and  in  connection  with  his  similar 
work  on  the  fresh-water  Ostracoda  of  Germany,  published  in  1900, 
may  well  form  the  best  published  basis  for  future  work.  He  de- 
scribes about  135  species  from  the  Gulf  of  Naples  and  some  65  for 
Germany. 

Structure.  —  It  is  not  uncommon  for  the  extremities  and  ventral 
edges  of  the  shell  of  Cypris  to  exhibit  a  number  of  subparalld 
canals  (Fig.  1 271)  which  radiate  outwards,  and  are  called  "pore 
canab."  The  same  regions  may  be  tuberculate,  the  right  valve 
alone  with  tubercles  as  in  the  subgenus  Cy^Mo(i«  (Fig.  1270),  or 
the  left  valve  alone  similarly  tuberculate  as  with  the  subgenus' 
Eeterocypris.  Various  species  of  other  groups  may  thus  be  simi- 
larly m^ed.  Occasionally  the  shell  may  show  a  series  of  longi- 
tudinal markings,  as  Ilyodromus  (Fig.  1259)  or  a  network  of 
anastomosing  and  parallel  lines,  as  Cypria  exsculpta. 

Exclusive  of  the  abdominal  appendages,  called  the  furca,  there 
are  seven  pairs  of  appendages  in  the  Cyprididae.  These  may  be 
'  enumerated  as  follows:  first  antenna,  second  antenna,  mandible, 
first  maxilla,  second  maxilla,  first  leg,  and  seomd  leg,  naming  one 
of  each  pair  (Fig.  1244)- 

The  anterior  Up  or  labrum  (Fig.  1244)  forms  a  prominrace  pro- 
jecting between  the  bases  of  the  second  antennae  and  anteriorly 
covering  the  oral  orifice.    The  posterior  lip  or  labium  (Fig.  1245) 


.dbyCoogIc 


792  FRESH-WATER  BIOLOGY 

forms  a  thin  membrane,  reenforced  by  a  pair  of  very  strong  cbitinous 
rods,  each  expanded  into  a  transverse  plate  armed  at  their  extremi- 
ties with  a  series  of  about  seven  strong  teeth.  Posteriorly  the  lip 
joins  a  stemumlike  vaulted  plate,  carinated  along  the  middle,  and 
placed  between  the  bases  of  the  first  pair  of  maxillae. 


Fio.  ii4t.    GcBsal  uutomy  of  Cyfrii  nmu  Juiinc.     (Alto  Vivn.) 

The  mandibles  (Fig.  1 245)  are  each  composed  of  a  chitinous  elon- 
gate body,  and  a  well-developed  pediform  palp  (Fig,  1245  ft^).  They 
are  located  on  either  side  of  the  body  immediately  behind  the 
base  of  the  second  antennae  with  its  upper  acuminate  extremity 
(Fig.  1245  t^  articulated  to  the  inner  surface  of  the  corresponding 
valve  just  in  front  of  the  adductor  muscle  impressions,  whereas 
the  lower  incurved  extremity  is  wedged  in  between  the  lips.  The 
greater  part  of  the  body  (Fig.  1245  A*)  is  hollowed  to  receive  the 
powerful  adductor  biting  muscles.  The  cutting  edge  (Fig.  1345  b*) 
is  divided  into  several  strong,  bifurcate  teeth.  The  palp  (Fig. 
1245&')  forms  a  thick,  fleshy,  somewhat  pediform  jointed  stem, 
curving  downwards,  and  bears  on  its  outer  side  a  narrow  plate,  a 
so-called  branchial  appendage  (Fig.  1345  ^)  which  is  provided  with 
a  number  of  plumose  setae. 
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The  £r8t  pair  of  maxillae  (Fig.  1245  c)  is  formed  of  a  thick,  mus- 
cular, basal  part,  from  the  extremities  of  which  four  digitiform 
processes  originate.  The  larger  of  these  prominences  (F^.  1245  <^) 
is  jointed  and  movable  and  must  evidently  be  regarded  as  a  palp, 
whereas  the  three  remaining  form  the  immediate  continuation  of 
the  basal  part  and  are  the  true  masticatory  lobes.  The  first  one  of 
these  is  usually  armed  with  two  strong  ^ines  (Fig.  1 245  c*  and  Fig. 
12700)  which  may  or  may  not  be  toothed,  and  are  regarded  as  of 
^>ecific  importance.    To  the  outer  side  of  the  basal  part  a  large 


semilxmar  lamella  (Fig.  1 245  c*)  is  attached,  which  is  generally  called 
the  branchial  plate.  This  plate  may  be  seen  to  move  rfiythmically 
in  the  living  animal,  and  is  for  the  purpose  of  renewing  the  supply 
of  fresh  oxygen-laden  water  within  the  shell  cavity.  It  is  directed 
obliquely  upwards  and  exhibits  along  the  posterior  edge  a  series  of 
dense  and  regular  finely  plumose  setae,  from  16  to  20  in  number. 

The  second  pair  of  maxillae  (Fig.  1245  d)  consists  of  the  same 
principal  parts  as  the  first,  though  different  in  appearance.  The 
basal  part  (Fig.  1 345  (P)  is  much  smaller,  not  divided  at  the  end,  and 
teimidating  in  a  single  masticatory  lobe.  The  branchial  lamella 
*  (F^.  1 245  i*)  are  usually  semicircular  and  provided  with  a  few  plu- 
mose setae,  while  the  palps  (Fig.  1245  d*  and  Fig.  1299  d-e)  are  of 
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diffnent  shapes  in  the  sexes.  In  the  female  they  are  conical 
(F^.  1245  iP),  while  with  the  male  (Fig.  1299  e)  they  are  con- 
verted in  a  peculiar  manner  into  powerful  prehensile  organs  which 
serve  for  grasping  the  female  during  copulation.  The  palps  of 
the  right  and  left  sides  tn  the  male  are  different  in  size  and  shajic 
(Fig.  1246  e-f).  The  form  of  these  palps  is  regarded  as  of  specific 
importance. 

The  two  pairs  of  antennae  are  found  in  the  head  region,  and  in 
most  cases  are  provided  with  long  natatory  setae,  which  aid  in 
swimming  (Fig.  i36Se).  The  mandibles  and  first  maxillae  serve 
as  mouth  parts.  The  fifth  pair  may  be  modified  in  some  cases,  as 
in  the  Limnicythere,  serving  as  legs  —  in  most  cases  as  maxillipeds 
or  second  maxillae.  The  fifth  pair  is  known  as  the  first  legs 
(^g.  1260  (Q,  and  the  sixth  pair  is  known  as  the  second  legs  (Fig. 
1385  d).  The  second  legs  are  commonly  not  ambulatory,  but  are 
bent  backwards  within  the  shell.  They  are  often  called  the 
"cleaning  feet"  on  account  of  their  observed  use  in  cleaning  the 
valves  of  any  foreign  matter.  The  mouth  parts  commonly  cany 
a  number  of  setae  which  create  a  current  of  water  between  the 
valves  for  respiratory  purposes. 

The  general  color  of  the  surroundings  seems  to  have  some  rela- 
tionship to  the  general  color  of  the  forms  present.  For  instance, 
all  those  living  in  algae-rich  habitats  are  notably  greei^  as  many 
species  of  Cypris,  while  those  creeping  about  on  the  bottom  amongst 
dead  leaves  and  ooze,  are  commonly  devoid  of  any  especial  pig- 
ment, as  are  most  species  of  Candona.  The  color  of  the  various 
forms  varies  from  yellowish  white  to  yellow,  green,  blue,  emd  violet 
to  purple'.  The  species  of  Candona  are  commonly  of  a  pearly 
to  yellowish  white,  while  Cypris,  Cypridopsis,  and  Cypria  —  forms 
that  inhabit  algae-rich  regions — commonly  show  a  greenish  color. 

The  food  canal  begins  with  a  mouth,  which  is  bounded  by  upper 
and  lower  lips.  It  is  interesting  here  to  observe  that  the  marine 
forms  belonging  to  the  genus  Pyrocypris  are  provided  with  phos- 
[^rescent  glands  in  the  upper  lip,  which  cause  much  of  the 
phosphorescence  of  the  sea.  From  the  mouth  the  food  passes 
through  a  short  esophagus  to  a  stomach,  which  is  commonly 
followed  by  a  short  constriction  separating  it  from  the  short 
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Stomach-like  intestine  (Fig.  1244).  The  intestine  opens  at  the 
origia  of  the  furcal  appendages. 

Propagation.  —  The  male  sexual  organs  are  usually  large,  of 
complex  structure,  and  may  consist  of  a  whorled  sadt  or  spiny 
(ylinder,  the  ejaculatory  duct  (Fig.  1246  6),  connecting  with  the 
testes  and  vas  deferens,  which  may  lead  to  a  more  or  less  chitinous 
plate  or  penis  (Fig.  1346  a).  The  testes  usually  consist  of  glands 
which  are  partly  extended  within  the  shell  proper  and  the  shell 
membrane,  and  may  show  through  the  shell  as  three  or  four  gran- 
ular bands  (Fig.  1271  b),  as  in  Candona  and  Cypris.  The  arrange- 
ment of  these  testes  may  constitute  a  good  generic  character,  as 
in  Spirocypris  (Fig.  1267),  where  the  testes  originate  in  the  ante- 
rior part  of  the  shell  in  parts  of  circles  of  circles. 

The  ovaries  may  show  through  the  shell  in  its  posterodorsal 
part,  and  are  arranged  somewhat  as  the  testes  (Fig.  1244).  They 
usually  lead  to  a  chitinous  plate  by  a  vaginal  canal  or  oviduct, 
which  retains  the  semen  and  undeveloped  eggs  as  with  CypHs,  and 
commonly  lie  between  the  two  lamellae  of  either  valve,  tind  extend 
diagonally  to  the  posterior  extremity,  where  they  curve  up  to  form 
a  nearly  semicircular  band.  Here  the  true  germinal  layer  is  found, 
which  forms  the  ovicells.  These  ovicells  are  poured  from  the 
ovary  into  the  body  cavity,  where  they  generally  accumulate  in 
its  posterior  part  on  either  side  of  the  intestine.  Here  they 
attain  their  full  development  and  are  fertilized,  after  which  th^ 
are  laid. 

The  inner  genital  organs  of  the  male  are  more  complicated 
(Fig.  1246).  As  the  ovaries,  they  are  situated  between  the  lamellae 
of  the  valves,  and  commonly  consist  of  a  number  of  narrow  and 
elongate  bands  on  either  side,  which  are  generally  to  be  found 
filled  with  numerous  fine,  thread-like  bodies  (Fig.  12^6  i),  the  sper- 
matozoa, which  may  occasionally  be  curled  up  in  spiral  groups.  In 
addition  there  are  present  a  number  of  large  nuclear  cells  (Fig. 
1346  f).  These  are  the  germinal  cells,  or  spermatocysts,  from 
which  the  spermatozoa  develop. 

The  efferent  or  ejaculatory  apparatus  (Fig.  12466)  consists  of 
the  spiny  cylinder  already  mentioned.  It  seems  to  be  composed  of 
an  inner  tube  (Fig.  1246  c),  supported  by  a  complicated  chitinous 
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skeleton  of  whorled  radiating  spines.  The  efferent  duct  leads 
to  a  tube,  tlie  vas  deferens,  which  in  turn  leads  to  the  penis 
(Fig.  1246  a). 

These  forms  may  also  be  propi^ted  from  unfertilized  eggs,  m., 
by  parthenogenesis.  In  such  cases  there  may  be  a  sexual  genera- 
tion followed  by  a  niunber  of  such  parthenogenetic  generations. 
Again,  in  some  forms  males  have  never  been  discovered,  even 
after  as  many  as  18  years  of  continuous  observation  by  very  care* 
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ful  observers.  Berpetocypris  replans  is  a  good  example.  Thus 
some  authors  distinguish  four  types  of  the  method  of  propagation, 
as  follows: 

1.  Always  sexual  as  in  Noiodromas  monacha,  Cyclocypns  laevis, 
Cypria  opfahalmica. 

2.  Temporarily  parthenogenetic,  as  in  Candtma  Candida,  Cypri- 
dopsis  vidua. 

3.  Locally  parthenogenetic,  as  in  Cypris  incongnuns. 

4.  Always  parthenogenetic,  as  in  Berpetocypris  replans. 
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Ilie  method  of  propagation  has  been  much  used  as  a  generic 
character,  but  much  more  must  be  known  of  its  constancy  before 
it  caa  be  finally  accepted  as  at  all  reliable.  The  form  of  the  penis 
and  of  the  vaginal  plate,  however,  may  both  be  accepted  as  constant 
characters. 

He  eggs  £ire  provided  with  smalt  limy  shells,  and  commonly 
develop  in  from  5  to  14  days.  They  are  laid  in  characteristic 
ways.  For  example,  the  eggs  of  Candona  Candida  are  whitish, 
and  are' laid j  singly,  without  being  fastened  together;  those  of 
Cypris  incongruens  are  orattge  red,  while  those  of  Cypridopsis 
vidua  are  dark  green.  Both  are  laid  in  packets  on  the  leaves  and 
stems  of  water  plants,  especially  the  under  sides  of  Lemna  leaves. 
The  eggs  of  Notodromas  monacha  are  first  white  and  later  yellowish. 
They  are  oval-elongate,  and  are  laid  in  rows,  pole  to  pole,  on 
the  roots  of  Lemna.  The  eggs  of  Herpelocypris  reptans  are  spher- 
ical and  of  a  yellowish  color,  which  deepens  later  —  indeed,  when 
freshly  laid,  they  may  be  ahnost  white. 

Bottom  forms,  such  as  Candona  and  BerpetocypHs,  laboriously 
contrive  by  creeping  and  crawling  to  reach  Lemna  and  other  sur- 
face plants.  They  first  reach  the  roots,  and  later  the  upper  sur- 
faces, where  they  appear  to  scrape  a  place  with  their  antennae,  and 
then  deposit  and  fasten  their  eggs  with  fine  threads.  AU  this  must 
be  quite  an  acrobatic  feat  for  them,  as  they  must  balance  them- 
selves meantime.  After  finishing,  they  permit  themselves  to  fall 
to  the  bottom.  It  is  here  worthy  of  remark  that  these  biological 
distinctions  such  as  habitat,  means  of  locomotion,  food,  means  of 
propagation,  and  egg  laying,  all  have  their  value  in  specific 
distinctions. 

Their  eggs  also  have  remaAable  vitality.  An  instance  is  on 
record  of  samples  of  dried  mud  being  sent  to  England  from  Jeru- 
salem and  entomostraca  being  raised  therefrom  {Cypris  and  Dapk- 
nia)  after  a  lapse  of  from  24  to  30  years.  G.  O.  Sars,  of  Norway, 
liasrqjorted  raiang  them  from  dried  mud  sent  him  from  Australia 
and  China.  In  fact,  he  has  described  many  new  sfJedes  from 
material  sent  to  him  m  this  way. 

The  eggs  hatch  into  naupUi,  which  resemble  the  adult,  although 
varying  much  in  the  shape  of  the  sliell  and  internal  structure. 
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They  molt  maay  times  before  reaching  maturity.  Tlie  change 
that  lakes  place  is  most  complete.  The  shell  falls  off,  and  all  the 
internal  parts  are  shed,  even  to  the  minutest  hairs. 

The  nervous  system  is  composed  of  a  so-called  brain  or  supra- 
esophageal  ganglion,  and  several  other  ganglia  and  connecting 
nerve  structures.  The  most  important  brandies  lead  to  the  eyes, 
which  are  either  double  as  in  Notodromas  (Fig.  1247),  or,  more 
commonly,  as  a  single  median-dorsal  pigment  spot. 

The  most  common  sense  organs  other  than  the  eyes  are  found 
on  the  second  antennae  (Fig.  1290  c).    These  resemble  a  club  and 
hence  are  often  called  "sense  clubs."    Other  sense  oi^ans  appear 
on  the  second  antennae  of  the  male,  e^ecially  such  forms  as 
Candona,  Cypria,  and  Notodromas  (Fig.  1298  c). 
Most  Ostracoda  are  omnivorous.     Decaying 
vegetation  and  small  animals  form  a  large  part 
of  their  diet.    Cypridopsis  has  been  observed 
forming  skeleton  leaves.    Some  will  eat  their 
own  kind,  if  opportunity  offers.    While  in  cap- 
tivity most  forms  will  eat  from  thin  slices  of 
potato.     Notodromas  is  an  exception  to  most 
others,  as  it  has  the  curious  habit  of  swimming 
back  down  and  clings  to  the  surface  film  in  an 
Fro.  1147.  ffawwmu  ■*-  endeavor  to  obtain  food.    Some  forms  may  also 

■con (O. F. Mj.  lo) Lens  ,      ,,    .  ,    .  .        ,  , 

Wfc^wi^Opiicnerve;  attacK  living  or  dying  animals.  Instances  are 
also  on  record  of  their  having  attacked  Melicerta 
ringens,  a  common  fixed  rotifer.  Thus  they  act  principally  as 
scavengers,  as  their  greediness  and  oftentimes  great  numbers 
would  constitute  them  no  inefficient  agent  in  the  work  of  purifying 
standing  waters. 

The  fresh-water  Ostracoda  entirely  lack  any  such  organ  as  a 
heart.  The  respiratory  process  therefore  takes  place  through  the 
entire  upper  surface  of  the  body,  and  through  the  inner  cell  layers 
of  the  shell.  A  number  of  respiratory  plates  are  fastened  to  the 
mouth  parts,  the  motions  of  which  keep  up  a  continuous  stream 
of  fresh  oxygen-laden  water  pouring  through  between  the  valves. 

It  is  self  evident  that  favorable  or  unfavorable  life  conditions 
exert  a  striking  influence  on  the  distribution  of  Ostracoda  la  iso- 
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lated  waters,  althougli  this  fact  has  not  received  the  attention  it 
Ehould.  Even  though  in  general  they  seem  to  be  no  more  sensitive 
to  their  surrouadid^  than  the  Cladocera  or  the  Copepoda,  yet 
there  is  no  doubt  that  the  amount  of  light,  of  pressure,  of  varia- 
tions ui  temperature  and  composition  of  the  water,  the  rate  of 
flow  of  the  same,  the  nature  of  the  bottom,  and  the  presence  or 
absence  of  algae,  etc.,  must  certainly  exert  a  real  or  intiinac  in- 
fluence on  the  prosperous  development  of  all  these  Entomostraca. 
Direct  or  intense  light  certainly  accelerates  all  tiieir  life  processes, 
as  may  be  evidenced  in  the  fact  that  all  free  and  actively  swim- 
ming forms  are  quite  likely  to  turn  towards  a  source  of  light,  or, 
in  other  words,  are  positively  heliotropic.  Shady  areas  in  pools 
are  not  nearly  so  likely  to  contain  the  free  swimming  forms  such 
as  Cypris,  Cypria,  CyclocypHs,  and  Notodromas  except  occasionally 
or  sporadically,  while  the  lighter  and  sunnier  areas  of  the  same 
body  will  contain  them  in  abundance;  in  other  words,  the  more 
uniform  the  distribution  of  light,  the  more  nearly  uniform  becomes 
the  distribution  of  any  certain  form.  On  the  other  hand,  it  seems 
a  general  rule  that  the  less  able  these  forms  are  to  swim,  the  greater 
the  certainty  that  they  are  confined  to  the  deeper  and  darker 
areas,  in  the  ooze  and  slimy  debris  of  the  bottom.  It  also  appears 
that  some  spedes  may  be  affected  but  little  by  depth,  and  there- 
fore light  and  pressure;  Cypridopsis  vidua  has  been  found  in  all 
depths  from  t  centimeter  to  fully  300  meters. 

Experience  teaches  that  practically  no  forms  are  found  in  pure 
^nng  water  or  m  well  water.  Even  so,  we  find  practically  none 
in  waters  that  have  been  polluted  with  dyes,  or  by  chemical 
means,  although  many  different  degrees  of  power  of  resistance  in 
this  regard  may  be  found.  Some  spedes  may  be  endosed  in  the 
smaller  glass  aquaria  and  live  almost  indefinitely  without  change 
of  water,  even  though  the  water  becomes  quite  foul.  For  example, 
Cypria  opthalmica  has  been  known  to  survive  in  such  aquaria  long 
after  the  larger  forms  have  died.  CyclocypHs  lams  will  also  live 
many  months  in  water  that  has  not  been  freshened.  Some  few 
forms  have  been  known  to  exist  in  sulphur  waters,  others  in  hot 
springs  and  even  in  sewer  drains.  Cypris  incongruens  has  been 
found  m  a  pond  fed  by  the  drainage  from  a  barnyard  manure 
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heap.  This  species  really  seems  to  be  indifferent  to  any  variation 
in  the  pollution  of  the  swampy  water  in  which  they  DoimaUy  live, 
variations  and  situations  that  would  be  fatal  to  most  other  Ostra- 
coda.  These  forms  have  also  been  found  in  more  or  less  perma- 
nent ponds  fed  in  part  from  the  drainage  from  cesspools  and  from 
leaky  sewers. 

Many  bodies  of  water  of  different  degrees  of  swiftness  are  like- 
wise determinative  of  different  forms.  Brooks  and  rivers  are  not 
especially  good  habitats,  as  plant  life  there  is  not  abundant,  and 
most  free-swimming  Ostracoda  seemingly  delight  to  hang  to  such 
supports.  However,  most  forms  may  be  occasionally  or  adven- 
titiously found  in  such  waters,  as  well  as  in  quieter  waters.  Nolo- 
dramas  is  typically  an  inhabitant  of  pure,  fresh  pools,  although  it 
is  a  good  swimmer,  and  has  the  curious  habit  of  trying  to  support 
itself  on  the  surface  film. 

Among  those  forms  depending  upon  the  Ostracoda  in  part  for 
food,  one  must  certainly  include  the  young  of  many  fishes,  and 
even  the  adult  Coregonus  or  whitefish  has  been  found  with 
Candona  in  the  stomachs.  Some  of  the  larger  marine  fishes  seek 
Ostracoda  in  the  mud.  Even  aquatic  birds  may  include  them  in 
their  bill  of  fare,  as,  for  example,  the  shoveler  or  spoonbill  duck 
has  been  found  with  Ilyodromus  and  Cypria  in  its  stomach. 

Owing  to  the  variations  m  habitat,  and  the  vicissitudes  to  which 
most  fresh-water  Ostracoda  are  subject,  and  because  of  the  vari- 
able and  inconstant  nature  of  their  surroundings,  it  is  almost  un- 
possible  to  work  out  their  exact  distribution.  Cydocypris  laevis, 
Cypria  opUuUmica,  Cypria  exsctdpta,  and  Cypridopsis  vidua  seem 
to  be  cosmopolites  in  temperate  zones,  and  the  most  indifferently 
distributed  of  any,  as  they  are  found  in  all  pools,  ponds,  swamps, 
lakes,  and  rivers  of  both  mountainous  and  level  areas.  Their  small 
size  permits- them  to  be  readily  carried  about,*and  their  power  of 
adaptation  and  scavenger  habits  permit  them  to  thrive  in  almost 
any  apparently  adverse  situation.  Nolodromas,  as  already  stated, 
appears  only  in  pure  standing  waters,  and  mostly  in  immense 
numbers.  Less  abundantly,  but  still  very  widely  distributed, 
may  be  found  various  species  of  Candona,  Cypris  fuscata,  and  Ber- 
petocypris  repians. 
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The  vertical  distribution  of  these  forms  has  not  been'fuUy  worked 
out.  Various  spedes  of  Candona,Ilyocypm,  as  well  as  Cypridopsis 
vidua  and  Cydocypris  laeois  have  been  found  at  depths  of  at  least 
300  meters,  while  a  few  have  been  reported  from  depths  of  fully 
3500  meters. 

The  constancy  of  color,  form,  and  size  of  most  of  these  spedes  13 
still  an  open  question,  and  yet  requires  much  careful  work.  Be- 
cause of  differences  in  methods  of  measuring  and  the  chance  that 
undeveloped  or  sexually  immature  individuals  become  described, 
it  is  certain  that  there  exist  many  disaepancies  as  to  published 
descriptions,  and  therefore  of  reports  on  distribution.  "" 

Despite  these  discrepandes  and  uncertainties,  it  is  likely  that 
local  varieties  exist  in  many  quite  restricted  areas,  that  in  many 
cases  are  so  far  divergent  that  one  would  be  deposed  to  ascribe 
them  to  different  spedes.  On  this  account,  if  for  no  other,  it  is 
advisable  to  be  very  careful  concemii^  the  establishment  of  new 
spedes.  In  all  cases  the  appendages  should  be  very  critically 
examined,  and  if  these  show  differences  and  the  shells  are  constant 
in  general  markings  and  form,  then  only  should  a  new  spedes 
be  created.  Of  course,  very  exact  and  minute  descriptions  are 
indispensable. 

The  distriburion  of  Ostracoda  seems  to  be  both  actively  and 
passively  brought  about.  The  creeping  forms  may  be  said  to  be 
actively  distributed,  while  the  free-swimming  forms  are  passively 
distributed.  Those  that  creep  must  actively  exert  themselves  if 
in  deep  water,  often  against  the  force  of  the  stream,  to  prevent 
themselves  from  being  buried  in  the  mud.  Passively,  the  swim- 
mers may  be  distributed  by  high  water  or  by  direct  means  of 
transport.  The  amount  of  water  is  of  more  consequence  than  the 
flow  of  water.  Even  though  the  amount  of  water  is  great,  th^ 
still  can  remaia  in  the  place  of  their  temporary  abode,  while  in 
brooks  or  rivers  they  are  carried  away  by  the  force  of  the  current, 
and  may  become  lost.  In  rainy  seasons,  therefore,  the  natural 
increase  may  be  very  scanty,  while  in  drier  periods  many  indi- 
viduals of  both  sexes  find  one  another,  and  the  eggs  deposited  always 
have  a  sufficient  opportunity  of  fiiuling  necessary  moisture  for 
development. 
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Migration  from  one  region  to  another  may  be  brought  about  by 
swimming  beetles  such  as  Belostoma,  Gyrina,  etc.  Cyclocypris  has 
been  observed  hanging  to  the  legs  of  such  beetles,  even  though  the 
beetles  were  actively  using  their  legs.  Birds  may  also  be  of  great 
importance  as  carriers  of  both  the  minute  flora  and  fauna  of  a 
region.  The  eggs  of  Ostracoda,  and  even  the  ftniTnttls  themselves, 
may  be  carried  about  on  the  bills  and  feet  of  aquatic  birds,  and 
even  fishes  may  act  as  a  means  of  transport  from  one  region  to 
another. 

The  Ostracoda  belong  to  the  plankton.  In  common  wi^h  certain 
other  organisms,  such  as  Rliizopods,  Diatoms,  Hydra,  etc.,  they 
appear  in  the  plankton  under  certain  conditions  of  temperature 
and  food,  and  hence  are  said  to  belong  to  the  adventitious  plank- 
tonts,  in  distinction  to  such  forms  as  Cyclops,  which  are  always 
in  the  plankton,  and  therefore  called  continuous  planktonts, 
or  those  that  appear  periodically,  as  Daphnia  and  some  Roli/era, 
when  they  are  called  periodic  planktonts.  For  evident  reasons  the 
creeping  or  burrowing  forms  rarely  occur  in  ordinary  plankton 
catches. 

According  to  their  habitat  and  mode  of  locomotion,  the  ostracod 
adventitious  planktonts  may  be  classified  as  follows: 

A.  Free  swimming. 

1.  Limnetic,  with  surface  habits,  as  Nolodromas  monacha. 

2.  Free  swimming,  below  the.  surface,  as  Cypris  laeois, 

C.  incongruens,  C.  vidua,  etc. 

B.  Creeping  or  burrowing. 

1.  Creeping  on  water  plants  or  ooze,  as  Berpetocypris  rep- 

tans. 

2.  Burrowing  in  the  slime  or  ooze,  as  Candona  Candida, 

and  Limnicylhere. 

Little  is  surely  known  of  the  duration  of  life  of  special  forms. 
Some  species  are  present  the  entire  year.  They  live  over  the 
winter,  and  are  also  found  in  dlETerent  developmental  stages  under 
the  ice.  It  is  an  easy  matter  to  collect  mud  under  ice  in  midwinter, 
place  it  in  a  small  aquarium  jar  and  set  in  a  moderately  warm 
place,  and  very  shortly  find  plenty  of  Cypris,  Cypria,  and  Candona. 
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Nolodromas  appears  purely  as  a  summer  form.  It  winters  in 
different  "egg  stages,"  develops  in  April  or  May,  and  by  Septem- 
ber has  entirely  disappeared.  Cypridopsis  vidua  and  CypHs  in- 
congruens  appear  in  early  spring  and  last  until  late  autumn.  The 
spring  fonns  appear  to  have  a  much  shorter  life  history. 

These  forms  may  be  collected  in  great  variety  and  abundance 
by  drawing  a  Birge  or  cone  net  through  submerged  plants  present 
in  ponds,  slow  streams,  and  lakes,  and  by  stirring  up  the  bottom 
ooze  and  slime,  and  drawing  the  weighted  net  to  and  fro  over  the 
bottom. 

In  this  manner  not  only  the  free-swinmung  forms  may  be  cap- 
tured, such  as  Cypris,  Cypridopsis,  etc.,  but  typically  bottom  forms 
such  as  Candona,  Eerpeiocypris,  etc.,  may  also  be  included.  By 
emptying  the  mud  and  all  other  accumulations  in  a  beaker  of 
water,  and  stirring  well,  it  will  usually  result  in  many  of  the  Ostra- 
coda  getting  air  caught  between  their  valves,  thus  causing  them  to 
float  on  the  surface,  from  which  they  may  be  readily  removed 
with  a  "medicine  dropper"  or  pipette.  The  use  of  a  small  hand 
lens  is  advisable  in  determining  whether  or  not  Ostracoda  are 
surely  present.  In  any  case,  the  "catch"  may  now  be  concen- 
trated by  carefully  pouring  off  the  contents  of  the  beaker  from 
the  sediment  in'  the  bottom  into  a  small  dip  net  made  of  Swiss  or 
bolting  cloth. 

After  washing  out  as  much  of  the  soluble  or  other  matter  as  is 
pos^ble,  the  remainder  may  be  emptied  into  a  Syracuse  watch 
^lass  or  other  shallow  vessel  containing  but  a  small  quantity  of 
water.  Thus  the  catch  is  condensed  to  such  bulk  as  may  now  be 
easily  transferred  to  smalt  vials  of  preservative  fluid  such  as  90 
per  cent  alcohol,  or  a  mixture  of  80  per  cent  alcohol  and  {j^ycerin 
in  about  the  proportion  of  10  to  i.  However,  killing  had  better 
be  done  in  about  70  per  cent  alcohol,  which  should  be  gradually 
increased'  in  strength,  as  in  this  manner  the  shells  are  more 
likely  to  remain  open  than  when  killed  in  alcohol  of  a  higher 
percentage. 

If  a  large  quantity  of  living  forms  should  be  desired,  the  entire 
catch  of  a  locality  may  be  poured  into  a  special  pint  strainer  jar 
(Fig.  1248). 
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This  may  be  made  out  of  a  common  pint  fruit  jar,  by  inserting 

a  funnel  through  one  side  of  the  cover  for  pouring  in  the  catch, 

and  so  arranged  that  the  excess  water  may  run  off  through  an 

overflow  tube,  after  passing  through  a  cloth  strainer 

made  of  the  same  material  as  the  dip  net,  and  which 

is  distended  and  held  in  place  by  two  narrow  wire 

loops  soldered  to  the  inner  end  of  the  overflow  tube. 

-— _^_---o     The  strainer  cloth  b  made  in  the  form  of  a  bag  nearly 

u     C^      as  long  as  the  depth  of  the  jar,  with  its  upper  end  held 

I '  in  contact  with  the  inner  end  of  the  overflow  tube  by 

I         a  couple  of  rubber  bands. 

8  In  many  cases  it  is  recommended  that  the  collected 

Z^^^^^^^l^  material  be  allowed  to  stand  in  a  shallow  vessel  after 
Fnj.  1148  Diunm  "**^^K  ^^  laboratory,  when  the  creeping  forms  will 
Ci)'f!JiIS£^  appear  on  the  siurf  ace  of  the  ooze  and  slime,  and  others 
IS  aMh«iiSi  "i^  collect  about  the  edges  of  the  vessel,  commonly  on 
the  side  nearest  the  source  of  light,  or  the  opposite. 
If  it  is  thought  desirable,  small  portions  of  the  ooze  and  slime 
may  be  examined  under  the  low  power  of  the  compound  micro- 
scope. Even  the  creeping  Cyprididae  are  easier  to  find  than  the 
Cytheridae,  such  as  Limnicythere,  as  they  are  more  active  and 
readily  gather  about  the  edges  of  any  shallow  vessel. 

No  satisfactory  work  in  identification  can  be  accomplished  in 
most  cases  until  the  body  with  its  f^pendages  is  removed  from  the 
^ell.  It  is  not  necessary  to  place  the  specimens  in  weak  acid  so 
as  to  decalcify  the  shell,  as  a  little  practice  with  dissecting  needles 
and  microscope  will  soon  enable  one  to  remove  the  parts  from  the 
shell  without  destroying  them. 

After  a  preliminary  examination,  place  the  specimen  in  a  small 
drop  of  Farrant's  medium  or  in  glycerin.  The  shell  may  now  be 
opened  with  a  pair  of  No.  12  needles,  which  are  mounted  in  handles, 
or  by  the  fleidble  probii^  needles  used  by  dentists.  Free  the  body 
from  the  shell  entire,  if  possible,  and  afterwards  separate  the  ap- 
pendages,  beginning  with  the  antennae  and  taking  them  in  order  to 
the  furca  at  the  posterior  extremity.  This  is  not  an  especially 
difficult  process,  excepting  possibly  the  maxillae,  which  are  com- 
monly very  small  and  securely  joined  in  place,  so  that  even  the 
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finest  needle  is  scarcely  efficient  as  a  dissecting  instrument.  Either 
of  the  above  two  mounting  media  bring  out  to  view  even  the  finest 
hairs  or  ciliated  structures.  Alcohol  or  water  are  not  advisable  as 
dissecting  media  and  should  be  risked  with  few  specimens.  Fur- 
thermore, Farrant's  medium  makes  a  very  good  permanent  jnount, 
providing  there  is  not  too  much  on  the  slide.  Either  medium 
should  be  added  to  the  slide  in  small  drops,  then  spread  out  in  a 
thin  layer  before  attempting  to  dissect  therein.  It  is  commonly 
best  to  make  a  preliminary  examination  of  the  dissection  with  a 
|-inch  objective,  to  see  that  the  mount  has  been  well  prepared 
and  arranged.  If  so,  add  a  small  additional  ajnount  of  the  me- 
dium, cover  with  cover  glass,  and  the  mount  is  permanent,  pro- 
vided the  work  is  neatly  done,  too  much  medium  is  not  added,  and 
the  mounts  are  kept  stored  in  a  horizontal  position  when  not  in  use. 

The  valves  should  be  preserved  entire,  if  possible,  and  removed 
to  one  side  of  the  slide  for  further  study.  It  is  often  desirable  that 
they  be  removed  to  a  separate  slide  and  mounted  in  balsam;  es- 
peciaUy  if  the  slides  are  to  be  permanent  and  subject  to  much 
handling. 

Drawings  as  well  as  study  of  a  side  view  should  always  be  made 
from  one  of  the  valves,  rather  than  from  the  entire  specimen,  as 
otherwise  a  distorted  view  is  likely  to  result. 

The  dorsal  view  is  more  difficult  to  get  —  indeed,  it  is  often 
advisable  not  to  attempt  it.  Unless  this  view  is  obtained  directly 
above  the  specimen,  it  is  worthless.  Sometimes  one  valve  alone 
may  be  used  by  fastening  It  to  a  needle  or  similar  object,  and 
then  studying  while  covered  with  glycerin,  or,  if  the  valves  are 
dissimilar  the  entire  animal  may  thus  be  mounted  so  that  an 
exact  profile  may  possibly  be  obtained.  It  is  indeed  often  pos- 
sible to  get  very  good  dorsal  profiles  from  many  specimens  while 
they  are  in  alcohol  and  glycerin  in  a  Syracuse  watch  glass. 

The  followii^  characters  have  been  retained  as  of  most  value 
in  the  following  key:  presence  and  length  of  natatory  setae  of 
the  second  antennae,  segmentation  of  the  second  antennae,  form 
and  number  of  spines  of  the  first  maxillary  process,  armature  of 
the  second  leg,  arrangement  of  the  spermatic  glands,  and  armature 
and  shape  of  the  f  urea. 
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I  (a)  Second  antenna  two-branched;  one  branch  rudimentary,  immobile, 
the  other  dongate,  flexible,  with  long  natatory  setae  (Myo- 
DOCOPa);  or  both  branches  well  developed,  movable,  and 
natatory  (Cladocofa);  oi  both  brancliN  flattened,  similar 
to  feet  of  the  Copepoda  (Platycopa).  .  .  Marine  Tribes. 
Theae  groupa  ue  not  represeated  in  (nsb  water  lo  f ar  as  known. 

3  (i)      Second  antenna  simple,  subpediform,  clawed  at  ^>ez.    Mostly  fresh- 
water forms Tribe  Podocopa  .   .     3 

3  (4)      Three  nearly  similar  piurs  of  legs.    Furca  rudimentary.    Second  an- 

tenna  with  flagellum  (Fig.  1151  d^),  and  UtUe  adapted  for 
swimming Family  Cythekidae  .   .     5 

4  (3)      Two  dissimilar  pairs  of  legs.    Furca  commonly  well  developed.    Sec- 

ond antenna  wiUiout  flagellum  and  commonly  with  natatory 
setae 9 

5  (6)      Parasitic  on  gills  of  Crustacea.    Terminal  claws  of  legs  with  four  large 

teeth  (Fig.  1249a} £flAicyfA«r«  Marshall  1903. 

Only  one  spedes  of  this  genus  known. 

Enlocythtre  cambaria  MsLishaJl  1903. 


LcngUi  0.60  mm.  Malnibundant.  Shell  thin,  fng- 
i\e  andtmuptrent.  First  antenna  sii-settmsited.  Sec- 
ond antenna  four-segmented.  Flagellum  unsegmentcd. 
Caudal  rami  abort  and  (hick.  Parasitic  on  gitla  of  cray- 
(idi  (.Cambarui).  Wiaconiin.  A  most  remartatde 
lona,  in  (hat  Oatraooda  rarely  adopt  paratitic  habit*. 

Fio.  1149. 


6  (s)      Not  parasitic.     Crawlers  or  burrowers.    Terminal  claws  of  legs  with 

not  more  than  two  teeth,  or  plain  (Fig.  1260 ij). 

Limnicylhere  Brady  1868  .    .     7 

7  (8)      Shell  decidedly  reticulate,  with  two  lateral  furrows.     Furca  blunt, 

about  three  times  as  long  as  wide  (Big.  1350  a). 

Limnicytkere  reticulata  Sharpe  1897. 


Length  0.66  to  0.70  mm.  and  0.15  mm.  wide.  Gi«yiili 
while.  Shell  ronipicnously  marked  with  a  honeycomb- 
like network  of  pofygonal  reticulations,  and  deep  [ateral 
furrows  (Fig.  13506).  Furca  {Fig.  ijsoa)  cylmdric«l, 
thick  and  blunt,  about  three  times  as  long  as  wide,  with 
two  small  setae.  Posterior  dorsal  part  of  can,pace  lapen 
toa  point.    Muddy  bottom  ol  ponds.    lUintH*,  AptiL 


Fio.  I 


1)  Furca:  (h)  Doml  vtewj 
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8  (7)      Shell  faintly  reticulate,  with  one  lateral  furrow;    Furca  tapering  to  a 

seta  like  extremity  (Fig.  1251  6). 

Limmcythere  iUitunjetwh  Sharpe  1897 

Length  o.SS  mm.,  bdght  04a 
mm.,  and  width  o.iti  mm.  Dm. 
gnymh  white.  Fla^eUum  two- 
tecmentcd.  Fura  cylindrical, 
about  Mven  timeias  loog  *a  wide 
<F1g.  ii5it).  Male  grasping  or- 
sani  unUHially  well  developed. 
Termliial  claw  of  •econdanteniu 
of  mik  armed  with  3  or  4  strong 
teetb  at  tip.  Sanoy  bottom*, 
niinois  Rivet,  bayoui,  and  lake 
ahom.    May. 

Fu.  usi. 

fJUHiinUn  tHrnwwifa.  (■]  Dot- 
ul  vtew:  (1)  Fiucai  (c)  Sda  view. 
Xs4j  (d)  Second  ■nteaaatbinrinf 
B^am,d i;  (i) Send  vvund 

9  (10)    Abdomen  without  furca.     Second  legs  not  backwardly  directed. 

Family  Dakwinulidae. 
Darwinuia  slaiensoni  Brady  and  Robertson  1870. 


un.  Right  sbeU  overian)lng  the 
la  a  (yluidrl<^  uiqiaited  procev 
muddy  bottoms.    GeotgU.  ID. 


10  (9)    Abdomen  with  fiuca.    Second  legs  backwardly  bent. 

Family  Cvpudidae  .   .     11 

11  (ij)     Furca  rudimentary,  with  a  long  seta  at  tip  (Fig.  1353) 13 

13  (11)     Furca  band-like,  with  claws  and  setae  at  tip  (Fig.  1358a).   .    .      16 

13  Natatory  setae  of  second  antennae  long,  reaching  at  least  to  tips 

of  terminal  claws.    Second  foot  beak-shaped  at  tip,  with  a 
■  lal  daw.   .   .   .     Subfamily  Ckpridopsinae  ,  .     14 


14  (15)    Shell  broad  from  above,  tumid.    Second  antenna  five-segmented. 

Cypridopns  Brady  1868. 

Only  one  spedes  in  North  America.    The   most    common  North 

Ameiicanostracod.  .    .  CypridopsumduaO.'F.l&\!iitTt^&%. 

Leogth  eAa  to  0.70  ami.,  pi 

rlth  three  promloent  dark  bi 

Fn.  iiu.   CjtrUtf^  Mm.   Funs,  X  iSg. 
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Shell  rather  narrow  from  above,  compressed  (Tig.  1154  b).    Second 
antenna  four-segmented.  ....  Polatiwcypris  Brady  1870. 
Only  one  species  in  North  America. 

Potamocypris  snuragdina  (Vavra)  1891. 


dosely  appreaaed  lujn.  Foob  uut  ditches,  julyi 
Augiut,  and  September.  Em  vennilian  red. 
Pondi  and  ditches,  April,  July,  Augiut.  Sautb 
ChicxsD,  Mexico. 


liw.    (t)  S 
-;  (.1  Fna 


16  (17) 

17  (16) 

18  (19) 


With  two  distinct  eyes  (I'lg-  lasS  b) 

With  eyes  fused,  or  none  apparent  (Fig.  1358  0- 


First  maxillary  process  with  six  spines.    Furca  with  three  long  setae 
and  no  spines  (Fig.  1255  c-d) ao 


19  (18) 


First  maxillary  process  with  uz  spines.    Furca  with  four  long  setae 
and  no  spines  (Fig.  1156  c) 31 


Second  antenna  six-segmented  in  both  sexes.    Second  leg  terminat- 
ing in  three  setae,  one  of  which  is  reflexed. 

Nolodromas  Lilljeborg  1853. 
Only  one  q>ecie3  in  North  America. 

Nolodromas  monacha  (O.  F.  Mtiller)  1785. 


Leocth  1.18  DUD.  "Huini»- 
twckea";  browoiih  yellow. 
Active  Bwinunen.  memblinf 
the  Cl«docer&  in  miny  move- 
menu.  OccBSonoUy  hiDs  to 
surface  film  ol  water,  bade 
duwn,  as  Cyprois.  Petmanent 
fresh  ponds  with  algae.  North- 
em  Indiaiut.  spring  and  tun- 
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Second  antenna  five-s^mented 
naring  in  one  claw  and  i 


both  sexes.    Second  leg  teiml- 
leflezed  seU  (Fig.  1356  b). 

Cyprois  Zenker  1854. 
species  found  in  North  America. 

Cyprois  marginala  Strauss  1831. 


Length  1.53  mm.,  bicadth  0.75 
mm.,  bdgfat  0.06  mm.  Uniforcoly 
yellowfdl  In  color.  An  active,  rest' 
ten  nrimmer,  and  at  timet  ulei 

mter.^  SomewlutieKiiibtiiig  ff. 


■nents.  May  also  ocep  on  bot- 
tom dAris.  Gmasy  pool*  whldi 
latcidnri^  Seiual.  Fumiitout, 
ilightir  a^ved;  dorsal  seta  uncom- 


CMmli  aurdiMM.  Ja)  SI 
feule,  Xijl  ttlEodd 
X  Ts:    (e)  nxcm  of  feni 

U)ifadWipiD«,X: 


91  ixii    Natatory  setae  of  the  second  antennae  entirely  lacking  (^,  1298  c). 
Subfamily  Candohinae  ,    .     91 
aj  (as)    Natatory  setae  of  the  second  antennae  very  evident,  usuaUy  extend- 
ing at  least  to  tips  of  terminal  daws  (Figs.  1368  e  and 

i^goc) 34 

24  (35)    Tenninal  segment  of  second  leg  with  three  long  setae  and  do  daws, 
—  one  seta  reflexed  (Fig.  12586). 

Ityocypris  Brady  and  Norman  1889  .   .     26 

35  (34)    Teiminal  segment  of  second  leg  with  at  least  one  claw  (Fig. 

ia6Sb), — and  usually  beak-sh^;)ed 38 

36  (17)    Shell  with  many  prominent  tubercles,  knobs,  and  furrows.    Nata- 

tory setae  reaching  to  tips  of  temunal  daws,  or  slightly 
beyond Ilyocypris  gfbba  Ramdohr  1S08. 


Length  0.S5  to  0.05  mm.  Shell  much  tuberculate 
anteriorly  and  poaterlOTly,  and  deddedly  fuironed 
■ntetodonally.  Two  pcomioeot  tubercles  jiut  btxk 
o(  the  eve-spot.  Poor  swimnMrs.  Furcs  neariy 
Btnight,  It*  tenninal  daws  iiea^  equal  in  length,  ud 
plain.    Tenninal  seta  of  f  urea  ttioal  two-filths  length 


"y^^fi^ ,(' 


/.  iradyi.  w 


iHb.vl™,> 


(tjDoiulvim,  X4I. 
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37  (36)    Shell  with  weak  tubercles,   knobs,  and  furrows.    Natatory  setae 
reaching  scarcely  to  tips  of  terminal  daws. 

Ilyocypris  bradyi  Sars  1890. 


Lcogth  about  u  /.  tMa.     Hdgbt 
<rf  femile  0.4s  to  o.s  mm,,  breadth 

0.31  to  o.s  iDm.  Male  slightly  UrgET. 
Somly  fret  swimmii*,  but  creeps  01 
bunows.  Shell  wcaUy  tubcrculate 
and  not  furrowed  poaterodonaUy. 
Habitat  aod  occuneace  as  /■  f>Ma. 
Furca  strung  curved,  and  much  broad- 
enedat  base.  About  ten  times  as  long 
as  width  io  middle.  Dorsal  seta  plu- 
moae  and  bent  near  tip.  Distal  half 
of  dorsal  part  of  furca  ditate.  Tbeae 
two  speaea  are  quite  variable,  thus 
causing  mucli  atnfurion  in  diagnovs. 
Both  ipeclea  an  also  found  in  Britain 
and  Gennaoy. 


38  (39}     Natatory  setae  of  the  second  antenna  shortened,  no  swimmeTs. 

Second  leg  with  a  beak-Uke  end  segment  and  a  claw  (Fig. 
1368  b) Subfamily  Hekpetocypridinae  .    .     30 

39  (38)    Natatory  setae  of  the  second  antenna  long,  reaching  at  least  to  tips 

of  terminal  claws.     Second  leg  as  above. 

Subfamily  Cyfeidinae  .    .     42 


30  (31)    Furca  abnormal,  with  three  claws,  —  the  usual  dorsal  seta  being 
replaced  by  a  daw.    Shell  faintly  longitudinally  striated 

(Fig.  1359) /^yninwtMj  Sars  1894. 

Only  one  spedes  Imown  in  America. 

Ilyodromus  pectinaitts  Sharpe  1908. 


Length  I. lotoi. 18mm.  Shellwlth 
reticulate  patterns  anteriorly  and 
posteriorly.  Posterior  edge  of  furca 
deddedly  pectinate.  The  only  known 
species  of  the  genus  with  a  pectioale 
furca.  In  ponds  and  ilowly  Sowing 
streams,  with  Typha,  Iris,  CWn.  etc. 
South  Carcdina. 

Fio.  I 


(b)  Fuica,  X  M( 
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31(30)    Furca  normal,  with  two  spines  and  two  setae  (Fig.  1364  &).    .   .     32 

33  (33)    Second  segment  of  first  leg  with  two  setae  on  anterior  margin  (Fig. 
1260  d).    Three  spines  on  first  maxillary  process. 

CUamydolkeca  Saussure  185S  .   .     34 

33  (32)     Second  segment  of  first  leg  with  one  seta  on  anterior  margin  (Fig, 

1377  b).    Two  spines  on  first  maxillary  process. 

Herpelocypris  Brady  and  Nonnan  1889  .    .     38 

34  (js)    Shell  plain,  no  special  markings  of  any  sort.    Seen  from  above,  the 

shell  is  decidedly  wedge-shaped  anteriorly  (Fig.  1260). 

Chlamydolheca  atUka  ^ussure  1858. 


>  nun.,  bdrht   7.00  nun.. 


bia^i.Somm.  YcUomihgny.  Ons 
of  Ihelargew  ipcdo  of  (he  genus  known. 
Natatory  setae  of  the  uamd  anleonie 
resch  to  Upa  of  tennuul  daws.  No  males 
knowD.  Seen  from  above,  the  shell  is 
much  more  weilgR-sbaped  anteriorly  than 
C.  mauruia.  It  also  lacks  the  greenish 
stripes  in  the  shell,  Furca  almost  straigbt, 
about  iS  timei  as  long  as  wide,  and 
faintly  pectinate  on  the  dorsal  marglD. 
Toaa,  Mexico.  Ditchea  and  pooli.  Oc- 
toba. 


CUniiMbaca  outla.  '  M  Side  riew,  X  15; 
(i)  Doul  Tkiii  (()  Furca.  X  ijo;  H)  Flnt 


35  (34)     Shell  with    semicontorted  and    radially  arranged   colored   bands. 
Shell  more  tumid  from  above  (Fig.  1161} 36 


3^  (37)    Shell  with  at  least  six  sinuous  radiating  dark-green  bands  on  its 
-'•■'—  Chlamydolheca  kerrkki  Turner  1895. 


Length  3.00  mm.,  bei^t  1.70  mm., 
width  1.43  nun.  Light  ground  color  wjtb 
sinuous  and  radially  arninged  dark-green 
bands.  Claws  of  first  mandibular  process, 
smooth.   Terminal  daw  of  first  leg  almost 


enty  times 


CUam^itllM!*  ImrttU. 


itritki.     (a)  Side  Tin 
vlewi  (e)  Faea,  X  le 
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37  (36)    Shell  with  but  three  such  bands. 


Chiamydotheca  maacana  Shaipe  i< 


LtDgtb  1.75  mm.,  hdght 
1.55  >i>m.,  width  i.6o;mm. 
No  mafca  yet  found.  Two 
01  three  nuTOW  grecauh 
buidi  inegulariy  Mnngcd 
-   -'■'--  ot  shdl.    Fima 


and  Faintly  toothed  OD 
about  one-hilf  of  dmsal 
morsin.  Poods;  SeiMem- 
ber.    Dxmnga,  UedcQ. 


CklamgUiia  ma 


(3g)    Length  about  tour  mm HerpeUxypris  barbahu  Forbes  1893, 


VfiiA  1.60  mm.,  helsht  i.oo  mm.  Shell 
fairly  lull,  but  not  plump.  Luge,  hjuty,  yel- 
lowish biDWD  in  iJcohol,  with  reddish  patches 
on  dther  sde.  One  of  the  largest  «f  the 
freshwater  ostracod*.  Valves  eqiuL  Furca 
as  long  as  wide,  ali^tly 
eRivei.Wyaoiliis.   July, 


Baptttcyfiit  hviHui.    (a)  Side  vinr  with  ■bell  removed;  (»)  Furca.    (Alls  Ebrbca.) 

39  (38)    Length  less  than  three  mm 40 

40  (41)    Dorsal  edge  of  furca  with  five  combs  of  coarse  teeth  (¥1g.  ri64  &)• 

Herpetocypris  rtptans  Baird  185a 

Length  1.00  mm.  to  1.50mm,  height 
aSa  mm.  Brownish  ydknr.  Furca 
atxMit  siitecD  times  as  long  as  wide, 
slightly  curved;  its  doisal  edge  armed 
with  fiti  combs  if  coaru  Ittlk.  FutO 
claws  coanely  toothed.  Muddy  bot- 
tom, ponds;  April  to  September. 
California. 


jffMteu. 
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41  (40)    Dorsal  edge  of  furca  plain  (Fig.  11G7  b). 

Berpetocypris  Ustudxnaria  Cushman  190S. 


Lenfth  a.io  mm.,  bdght  1.00 
mm.,  width  0.80  mm.  A  imsll 
eitni  spioe  by  subtermiiul  daw. 
Fuio  kbout  fourteen  times  U  lonf 
u  wide,  its  cUwi  plain.  Poodi. 
Newfoundluid.    M«;. 


°Sj 


43  (43)  Natatory  setae  of  secoad  antenna  reach  to  tips  of  terminal  claws,  or 
sUghtly  beyond.  Second  leg  with  a  beak-like  end  segment 
and  a  daw  (Fig.  13686,  «)•  ■  Subfamily  Cytsidinae  .   .     44 

43  (43)     Natatory  setae  of  the  second  antenna  reach  beyond  tips  of  terminal 

claws  by  about  one-half  their  lengui.  Second  leg  with 
three  terminal  setae  of  different  lengths,  two  of  them  re- 
flexed,  the  other  short  and  daw-like  (Fig.  1390  c,  f). 

Subfamily  Cyclocypkidikae  .   .     75 

44  (45)    Testes,  if  present,  originating  in  anterior  part  of  shell  in  form  of 

concentric  circles  or  half  drdes  (Fig.  1366). 

Sptrocypris  Sharpe  1903  .   .    46 

45  (44)    Testes,  if  present,  not  ori^nating  in  anterior  part  of  shell  in  form  of 

concentric  drdes  or  half  circles  (Fig.  1371  b). 

Cypris  0.  F.  MUller  1785  .  .     48 

46  (47)    Shell  not  tuberculate,  ezceasivdy  hairy  (Fig.  r366  a). 

Spirocypria  passaica  Shaipe  1903. 

Length  i.fio  mm., 
height  o.So  mm.,  bceullh 
081mm.  Browniih  with 
dark-blue  patdm  Uter- 
ally  and  donally .  Nata- 
tory setae  read  slightly 
bcyoitd  tips  of  terndnal 
daws.  Terminal  daw  of 
■ecood  leg  one  and  ottt- 
balf  times  length  of  tec- 
miiuJ  segment.  Furca 
about  one-half  length  of 
shell,  about  twenty-three 
times  aa  long  ■*  wide,  and 
Its  dorsal  margin  weakly 
pectinate.  Weedy  nods; 
nring  months.  Maiaa> 
dnisetts.  New  Jersey. 
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47  (46}    Shell  VGiy  tuberculate,  sparsely  hairy  and  unusually  plump  (Fig. 

1367  c) Spirocypris  li^ierailata  Siaipe  190&. 

Lcogth  OM  mm^  bd(bt 

Purplish  brown,  witb  ODC  or 
two  dcod  tmuvene  H^tcc 
buida.  Risht  valve  tliphtly 
overiaps  the  left  tntmoily. 
Natitoiy  setae  extoid  but 
diEhtly  b<70(id  the  ter- 
muul  dam.  Furca  abont 
thirtjr-tiK)  tima  aa  long  m 
wide.   Shallow,  weedy,  and 


Chioco 


mpT  pMida;   vring. 
igo  and  nortneni  In- 


side vkw,  X  43;  W  Furca;  (t)  DocMlvlnr. 

48  (49)     First    leg    foui-segmentcd,    third    and    fourth    segments    united 
(Fig.  1368  c).  .    .    Subgenus  £«fycy^  G.  W.  MUller  1898. 
Only  one  species  in  this  subgenus. 

Cypru  iEiirycypris)  pubera  O.  F.  MUller  1785. 


Length  1.10  mm.,  bdght 
1.35  mm.,  breadth  i.so  mm. 
Greenish  in  color.  A  dark 
patch  at  iu  highest  and  ccd- 
ttal  part  as  seen  from  the  aide. 
Shell  sparsdy  hairy.  Anterior 
and  po9tero-veDtra]  margins 
with  jxominent  external  tidier- 
des.  Two  prominenl  tuber- 
cles at  postRO-ventral  part  of 
shell.  This  cbarurter  lione  is 
sufficient  to  identify  this  ipedcs 
of  cypris.  Firat  Us  four-H^- 
menled.  Fuica  Dcany  straight, 
about  twenty-four  timei  u  long 
aswide.   Fuids;  April  to  June. 


Fro.  1968. 
Cjtrii  lEnrycTfrui  fahen, 
(«JMd«  view,  X  10; 
»)  End  of  Homd  kf. 
^nrttleg: 

(i)SeGood  sniennai 

U^  Poitenvencnl  partal  tbeB. 


49  (48)     First  leg  plainly  five-segmented  (Fig.  1177  b),  third  and  fourth  seg- 

ments not  united. 50 

50  (51)    Inner  anterior  edge  of  right  shell  thickly  tuberculate  (Fig.  1370  a). 

Subgenus  Cyprinotui  Bmdy  1885  .   .     53 
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51(50)    InnerantfirioTfdgeof  right  shell  plain  (Fig.  1378  c) 63 


51  (53)    Dorsal  seta  of  furca  more  than  one-half  length  of  subtenninal  daw 
(Fig.  1270  c) 54 


53  (52)     Dorsal  seta  of  furca  not  more  than  one-half  length  of  subterminal 
daw  (Fig.  1273  e) 58 


54  (55)    l^t  shell  larger  than  the  right,  and  its  edges  not  tuberculate  (Fig. 
"70  ft) Si 


55  (54)    Left  shell  smaller  than  the  right,  and  with  a  row  of  scattered  tubeides 
along  the  inner  margin  (Fig.  1269  b,  e). 

Cypris  (.Cyprinotiu)peUucida  Shaipe  1897. 

Sbett  ^uiuiiully  tniu- 
luccDt.  and  coveted  with 
■  Kgulw  uiaagement 
of  dotted  Unci.  Loigth 
i.ao  mm,,  hnght  0.7s 
nun.  Clear  uniloniyel- 
lawUh  in  color.  Left 
BhdlsUshtly  smaller  tbiD 
the  right,  with  1  row  of 
■att^^  tubercla  doDg 
the  imier  m&rgia .  Shal- 
low ponds  and  pools; 
April  to  September.   ■"" 


ada.  (a)  Side  vkw,  X 
SK  (M  D<H»]  vinr:  (c) 
Lower  anCsioc  aufnD  « 
right  (hdl;  in  f^tt; 
{A  Inner  nurih  «(  left 
£dli    V)   Hacking    oa 


56  (57)  Right-shell  maigiii  tuberculate  only  at  anterior  and  postero ventral 
mar^ns.  Shell  about  four-sevenths  as  high  as  long  (Fig. 
1370a).  .  Cyprii  iPyprinolus)  inconpuens 'RasnA.ohx  \&6&. 

Shell  densely  pigmented  to  quite 
translutxnt  yellowUh  in  akoboL 
Smooth.  Ltagth  1 40  to  1 .70  mm. 
left  valve  oveHaps  right.  Furca 
cuiveil,  about  ten  times  u  long  ai 
wide.  Spines  of  Gnt  maziUary 
proceai  toothed.  Quite  a>n1IIK>I^ 
even   in    temporaiy   ponds  and 

^anlA. 


Cytrit(Cr»riitst*i)  ImeamfU 
ra)iEu.tilidl,Xiil:  OLDon 
of  fcDUle,  X  11);    (c)  Funs 
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57  ($6)    Right-shell  fnarginn  unua^y  tubercukte,  as  in  ^.  1971 6.    Shcfi 
not  more  than  one-half  as  high  aa  long  (Fig.  1371  a). 

Cypris  iCyprinotus)  detUaia  Sharpe  1910, 
Shell  browniih  jrellow 

hoL    Laictbt.jjtoi.Aa 

than  OM-Siru  fra*t. 
Shell  pointed  poBtenocly, 
■nd  Ulterior  half  of  veo- 
Inl  mai^  iliebtiy  anu- 
atein  the  mile,  but  noriy 
Btni^t  with  the  femate. 
NatAtoi;  setae  ittchins 
well  beyond  the  tenniau 
dAwt,  Males  common. 
Fuica  gently  curved, 
about  axteen  tiines  u 
long  u  wide.     Spines  <rf 

toothed.    Tcmpcfuy 
Stunford,  Ne- 


bf«£. 


CytriilCythmiitiu)dtiilalm. 

Xjei  <t)Risbt)kea&aa«iIliiii,Xjo;  Ic)  Funa,  X  loj. 

5S  (sq)    Dorsal  seta  of  furca  less  than  width  of  furca  from  subterminal  claw 
(Fig.T37Zc)-  -  Cypris (,Cyprinolui)burlmgloti£nsK'rvTntii8g4. 

Length  I  -SO  mm.,  height  0.70  mm.,  width  0.70  mm. 
Yellamah  brown  with  bluiih  Uick  lonsitudinal 
stripes  00  dorsum  and  sides.  Hairy.  Natatory  setae 
extend  slightly  beyond  tip*  of  tcnninsl  daws. 
HaiilUTy  spines  toothed,  Furca  slender  and  straii^t, 
about  dghteeo  times  ai  long  as  wide.  Dorsal  seta 
dose  to  Bubterminsl  daw.  Shallow,  temporary,  gnapy 
pools.     Ohio,  GeorgLa,  Dclawaic. 


60  (61)    Shell  with  no  markings,  translucent    Right  valve  the  larger. 

Cypris  (Cyprinotus)  amtricanui  Cus&nan  1905. 
Length  1.50  mm.,  breadth  0.70  mm.. 
height  0.80  mm.  Colorieaa.  Natatory 
setae  readi  to  tips  of  tennioal  daws. 
Fourth  segment  of  firat  leg  with  four 
short  extra  ^Mues.  Terminal  segment  . 
of  second  leg  constricted  in  the  middle, 
and  witli  two  longitudina]  rows  of 
minate  sfunes  extending  from  the 
amstriction  to  the  tip.  Furca  oorly 
ttraigbt  and  about  twenty  times  aa 
long  as  wide.  Ponds  md  ditches. 
Nantucket,  Maaa. 


Pio.  I 


Cytrit  KytriiuKu)  » 


It)  Donalviev; 


its 


.   («)SidB 
(t)F^», 
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61  (60)    SheU  reticulated,  thin,  the  spemmries  showing  through.     Equivalve. 
Cypris  (Cyprittotus)  crena  Turner  1893. 

SbeD  equivaJve  from  above,  wedge-dmped  anteriotly. 
Hinge  Unc  sinuate.  Length  1.14  to  1.13  mm.,  height  0.6a  to 
0.6s  mm.,  width  o.so  to  0.60  mm.  Yellowiih  green.  Madl- 
Uiy  apinti  smooth.  Fourth  Mgrnent  of  Gnt  leg  aot  with  four 
extis  ihoit  Bpines,  Fata  curved,  about  ngbteen  tima  u 
long  M  wide.  Males  commcHi.  Abmidant  In  inwll  weedy 
piHidiuid  canal  basini.    Ohio. 


^rr-=^ 


Cjtrii  KyfriiKliH)  tn 

6a  (63}   Furca  normal,  with  two  spines  and  two  setae  (Fig.  1278  d). 

Subgenus  Cypris  .    .     64 

63  (63)    Fuica  abnormal,  the  terminaLseta  missing  (Pig.  laSoe). 

Paracypris  New  Subgenus  .    .     75 

64  (6j)     Both  spines  of  first  maxillary  process  smooth 66 

65  (64)    Both  spines  of  first  maxillary  process  toothed  (Fig.  1370  e).  .   .    68 

66  (67)    Shell  bluish  black,  with  two  yellowish  areas  in  region  of  eye-spot 
(Fig.  13750) Cy^fM  (Cy^ii)  tWCTw  Jurine  i8io. 


Lennh  i.To 
left  MJve  siigl 
Ttadi  to  tips  of 

and  from  eight        ,  .._ 

Veiy  variable.     Weedy  ponds;  April  t 


height  0.00  to  1.00  mm.    Shell  covered  with  short  hiin,  and 

_.e  slightly  overUpping  the  right.     Ventral  edge  flanged  anteriorly.     Natatory  setae 

»  tips  of  terminal  daws.     Dark  to  yellowish  green.     Furca  weakly  S-sbaped  to  straight 

and  fnuD  eighteen  to  twenty  times  as  long  as  avenge  width,  and  its  dorsal  margin  smooth. 
triable.     Weedy  ponds;  April  to  Ju^.     Massachusetts,  Mexico,  Ohio,  WiscetuiD. 


67  (66)     Shell  bright,  deep  green,  smooth,  with  minute  punctures. 

CyPrU  {Cypris)  altissima  Chambers  1877. 
Length  0,80  mm.,  hdght  0.40  mm.    Fuica  sinuous,  ita 
two  terminal  claws  nearf^  same  length.    Pood  led  by  melt- 
iog  snow,  Mt.  Elbert,  Colorado.     Altitude  11,000  feet. 
Fu.  ■>;£.    Cyfrli  (Cyfrii)  tlHiiima.    Furet. 

63  (69)  Terminal  three  segments  of  first  leg  longer  than  two-thirds  of  its 
terminal  daw  (Fig.  1277  6) 70 

69  (68)  Terminal  three  segments  of  first  leg  shorter  than  two-thirds  of  its 
terminal  daw 73 
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70  (71)    Shell  thin,  and  dirty  to  ocheroua  yeUow. 

Cypris  iCypris)  lesUidinaria  Shaipe  1897, 

Length  I. IS  Dim.,  bdght  0.75  .  nun., 
width  o.tij  nun.  Nststoiy  Mtujust  mch 
tips  of  tcnninal  diws,  TermiQ*]  daw  of 
&nt  leg  one-uith  kuKcr  tlum  tbe  last  three 
segmeotB.  Termiaal  claw  ol  aecond  leg 
□ae-thini  u  long  as  tenninai  segment. 
Furca  ilightly  curved,  its  donal  edge  aa- 
nte  two-thinh  iti  length,  and  lixteea  to 
"B**'*"  times  as  bug  as  wide.  Dorsal 
■eta  two-thirds  is  long  is  termina]  one, 
and  width  ol  ramus  from  subtenninaj  daw. 
Tcnninal  seta  fully  ODC-hall  as  kmg  as  the 
tcnniiuldaw.  Ejaculatoty  duct  five  times 
as  long  aawide,  with  spinel  thickly  set  over 
theeMite*uriace(Fig.  1177  c),  instead  of  in 
wreaths,  aa  is  commcoi.    Ponds  in  woods. 


71  (70)  Shell  dark  green  to  chestnut  brown  with  transverse  lighter  patches  dor- 
solaterally  (Fig.  1278  o-i). 

Cypris  {Cypria)  fitscata  Jurioe  1810. 


Length  J  .30  nun. ,  h^ht  oJo  to  O.05  mm. .  width 
0.80  to  0.8s  mm.  Right  shell  oveilaps  Idt. 
Sparsely  h^y.  Tenninai  daws  of  first  leg  leaa 
than  ooe-tMrd  longer  than  the  last  three  sesroeDti. 
Furca  weakly  S-utaped  to  oeaily  stiught,  and 
fri^  eighteen  to  twenty  times  as  long  as  wide. 
Tenninai  seta  ol  furca  weak,  not  more  than  one- 
third  aa  long  as  terminal  dawi  dorsal  seta  less  than 
width  ol  furca  from  subterTninal  claw  and  about 
<me-half  as  long  as  the  terminal  sets.    Seiual. 


Cy*tii<Crtrii)/iHiaU.  (a)  Variety  iwi^.  donal  vkw. 
Xn;  »)  VuktyHtegr.dotnlvkwi  (<)  Side  view 
variety  maiit;  W  Fvia,  X  us. 


Shell  dark  green  with  two  light  patches  in  region  of  the  eyes  (Fig. 
1379  a) Cypris  (Cypris)  reHcuiata  Zaddidx  iS^4. 

Length  1. 10  to  1.3a  nun.,  hdght  0.71  pun.,  width 
0,6s  mm.  Shett  usually  reticulate  or  tesselated. 
Somewhat  superfidally  resembling  Cypris  Juicala 
major.  Natatory  setae  reach  slightly  beyond  the 
terminal  claws.  Furca  straight,  weakly  bentnearthe 
end,  and  from  ten  to  Iwdve  tunes  as  lon^  as  wide,  and 
faintly  toothed  along  the  dorsal  margin.  Tenninai 
seta  slender  and  ol  the  same  length  as  the  donal  one, 
which  is  situated  about  width  of  furca  from  subter- 
minal  daw.  Abundant  in  small,  temporary  grassy 
---'-      lUmois,   Massachusetts,   Kew   York,  New 
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73  (74)    Posterior  mai^  of  furca  pectinate  (Fig.  1280  c). 

Cypris  {Paracyprit)  perekgans  Heirick  1887. 

Lcngtli  3.60  mm.,  hdght  1.7  a  mm.,  width  1.40 
mm.  Color  dcu  f»k  yellow,  with  k  tlgHMd 
pattern  in  de*r  brown.  Seen  from  above,  the 
sbdl  ii  acutely  wedge-ihcped  anteriorly.  From 
the  ride  the  upper  Mtd  lower  margint  are  nearly 
psralld,  with  a  large  proiecting  tooth  poctero- 
ventndly.  Tetmiiialsegmentof secoDdWwith 
two  Bmall  dawi  and  one  Beta.  Dona]  acta 
spioe-Uke,    Weedy  ponds.    Alabama. 


"T/a 


Doml  *kw;  If)  Funa. 


Posterior  margin  of  furca  plain  (Fig.  laSi  c). 

Cypris  {Paracypris)  grandis  Chambers  1877. 


^ 


I 


Length  3.A0  mm. .height  1,00  mm.,  width  i.ja 
mm.  From  above,  iheli  regulaily  elliptiau. 
Bluish  white  to  pale  greeniih.    Poaos  akmg  th 


Arkansas  River,  Cotondo.    Altitude  8000  feel. 
A  doubtful  form. 


M      1-  \^      h^      -i^V  {»)  Dan»l  Aw:   («)  Furca;  1/ 
-JN     C     ^     t>        d-^             .awtle.    (After  Chu^>M*.j 


75  (76)    Terminal  segment  of  second  leg  small,  with  two  short  claws,  and  a 

long  reflexed  seta  (Fig.  laSa  d).    Second  antenna  of  male 
with  two  sense  oigaos  on  fourth  segment. 

Cypria  J^enker  1854  .    .     77 

76  (75)    Terminal  segment  of  second  leg  long  and  narrow,  with  short  daw, 

and  two  long  reflezed  setae  (Fig.  1190/)-    Second  antenna 
of  male  without  sense  organs  on  the  fourth  segment. 

Cydocypris  Brady  and  Norman  1889  .  .     89 

77  (78)    Ri^t-valve  margin   not   crenulate  anteriorly.    Valves   about  the 

same  size  (Fig.  118411-i).  .   .   .    Subgenus  Cy^fia  .   .     79 

78  (77)    Right-valve  margin  crenulate  anteriorly.    Valves  of  decidedly  differ- 

ent sizes  (Fig.  1287  0-6). 

Subgenus  Pkysocypria  Vavra  1891  .   ,     87 

79(80)    TerminalclawsofsecondlegapproximatelyequaI(Fig.i382<0-  -     81 

80  (79)    Terminal  claws  of  second  leg  evidently  unequal  (Fig.  1285  <J).  .   .     85 
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I  (Sa)    Tenninal  daws  of  furca  not  more  than  one-half  as  long  as  fuica 
(Fig.  n83  6) 83 


a  (Si)    Tenninal  daws  of  furca  three-fifths  as  long  as  furca  or  longer  (Fig. 
1183  c) Cypria  (Cypria)  detUi/era  Sb&tpeiSgj. 


Length  o.<9  mm.,  heUit  o^ 
mm.,  width  0.16  mm.  Browniih 
yellow,  with  dult  brown  mwkJngt 
and  reddbfa  blotdm.  Ri^t  valve 
ovdlapB  left  aoteiiarly.  Left- 
valve  margin!  crenulatc,  interioriy . 
Natatoiy  aetae  readi  length  ol 
antennae  beyond  tin  of  terminal 
dawt.  Tenninal  ibort  dawi  of 
seoHul   leg  appioiiinately  equal 

ment.  Fuita  atout.  ten  time*  M 
long  u  wide.  Eta  lubteiiiunal  daw 
with  a  a>mb  of  ronarkably  bng 
teeth.  Halea  mmmoD.  Algae- 
rich  poodt.  niinoit,  Ohio,  New 
York,  New  Jenty. 


Dooal  Tin:  Ifi  Fmca;  (A  End  <rf 


3  (84)    Shell  covered  with  a  dose  reticulum  of  longitudindly  subparalld 
lines  (Fig.  1383  c).    Abdomen  without  processes, 

Cypria  (Cyfria)  exscuipia  Fisdier  1855. 


Length  a.6o  to  0.75  mm.,  beii^t 
a.38  to  0.43  nun.,  width  0.1c  to  o.iS 
mm.  Shell  thin,  coveted  with  anaato- 
mosing  Bubparallel  lines.  Coloi  dear 
cbe^ut  brown.  Common  in  Mreama 
and  ponds  everywhere.  Also  ami- 
mon  in  bottom  tows  In  river  chan- 
nels, lake  and  river  shores.  Caudal 
rami  diort,  stout  and  mudi  curved; 
both  tenninal  daws  smooth;  danal 
■etae  situated  slightly  beyond  middle 
of  ramus.  Distnbution  world  wide. 
This  spedes  may  be  at  once  idcoti- 
Ged  by  means  of  the  reticulum  of 
uiaatonKHiiig  subparalld  lines  on  the 
valves.  Tboe  may  be  readily  leen 
with  a  two-thirda-lnch  objective. 


Clfria  (CyfHa)  taal/ta. 
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S4  (S3)    Shell  pl^n,  with  small  puncta.    Abdomen  with  two  cylindrical 


Cyprio  {Cypria)  optkalmka  Jurine  i8ao. 

Lmcth  o.jfi  to  0.60  mm.,  hdgbt  0.36  to  040 
mm.,  width  0^31100.^6  mm.  Sndl  CDtnpKMcd, 
dcM  brown,  with  dufc-brown  iKtcbes  ute- 
liorly -uid  poatcrioily  and  jmt  back  of  eye-*pot. 
Natatoiy  setae  very  bmi,  reKhinx  bejiODd 
terminal  diwi  by  more  than  the  enHt«  length 
of  the  anteixaa.  Furca  about  dgfat  timci  aa 
long  u  wide.    Surface  and  bottom  tow*  in 

Fetiruacy  to  October.  Abu  ooomMa  £0  pcaidi 
and  ditches  where  there  b  little  or  no  vegeta- 
tion.   Georgia,  Itlin<Hi,  Minnesota,  Oregon. 


"sfars.?^ 


{Cyttia)  tfOiMca.    (a)  SSOa  vkw, 


F.^ 


5  (86)    Shell  clear  to  brownish  yellow,  with  a  few  scattered  puncta. 

CyPria  (Cypria)  obaa  Sharpe  i: 


times  as  long  ai  wide,  its  donal  si  .  ._. 
times  width  of  ramus  from  subtenninai  claw, 
aod  as  long  as  the  terminal  seta.  Male*  com- 
mon.   In  tow  of  aaody  lake  shore;  tity. 


Cyfnt  (Cyfria)  •*«•.      (a|    Donal  view,  X  4j: 
W  Furca;  (<)UuIlUr;palpiD[mil>;  W  Swiad 


6  (8s)     Shell  white,  smooth,  and  shining,  with  numerous  almost  confluent 
puncta Cypria  {Cypria)  mons  Chambers  1877. 


e 


o. 


87  (88)    Left  shell  higher  than  right.    Terminal  short  setae  of  second  leg 
about  twice  as  long  as  the  terminal  segment  (Fig.  13S7). 

Cypria  (Pkyiocypria)  pustvlosa  Sharpe  1897. 


0^::=^        > 


Length  oji , 

0.11  mm.  Clear  brownish  with  dark  patchea. 
Extremities  of  shell  baiiy.  A  dedded  dtosal 
flange  on  left  vilve  (Fig.  ii8r  a}.  Natatory 
setae  three  times  as  long  as  the  distance  be- 


length  of  terminal  claw.  Dorsal  seta  weak  and 
situated  about  middle  of  furca.  Bottmn  lows 
In  river  channels,  surfaa  and  bottom  tows  In 
lakes,  and  lake  and  river  shores;  April  to 
September.    IlUnois. 


&)Sea»dl(g. 
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88  (87)     Left  shell  same  height  as  right,  but  longei.    Terminal  short  setae  of 
second  leg  about  as  long  as  terminal  segment. 

'o  (Fkysocypria)  inequivoiva  Turner  1893. 

Length  0.41  to  oss  mm.,  bdght  0.3J 
to  0.3S  mm.,  width  0.16  to  0.1S  mm. 
Shell  with  {[regular  crou-ih&ped  apoti 
doraoanteriorly  and  posteriorly.  Furot 
curved,  gloider,  its  dorsal  acta  rudimea- 
taiy  or  atwDt.  Males  coin  mon.  Amongst 
kl^ae  of  ihaUow  ponds.    Ohio,  Georsia. 


Cyfritt  (Pkyinyf'')  uugi'iM'M. 


X  44;  (*!  Dcnal  vle«;  (i)  Fuccl 


p  (90)     Dorsal  seta  of  furca  rudimentaiy  or  absent  (Fig.  iiSg  c). 

Cydocyprii  lams  0.  F.  MUUer  1785. 


Length  0.4s  to  0.4S  mm.,  width  0.14  to  0.18  mm., 
helghto.30too.35  mm.  Color  lanon  yellow  to  chestnut 
red  or  horn  brown.  Flump,  and  left  shell  oveilappng  the 
right  anteriorly.  Furca  stout,  ueariy  straight.  311  timea 
as  long  as  wide.  Terminal  seta  more  than  one-half  length 
of  terounal  daw.  Commoa  in  weedy  streama,  piMids,  and 
swampy  regioni;  April  to  November.  Delaware,  Indi- 
ana, imaoit.  New  York,  New  Jersey. 

Fn.  ii«g. 
CyelKyPrii  knit,     (a)  Docul vieir,  X  60:  (by  SldEvIcw,X«Ii 


93  (89}     Dorsal  seta  of  furca  pl^nly  well  developed.    Terminal  claws  of  furca 
strong,  and  much  beat  at  tip  (Fig.  1290  e). 

Cyclocypris  forbesi  Shaipe  1897. 


(^=F=^^ 


Length  a. 
mmTlmght 
form.    Plimi 


lump  and  w^  brown  in' 


nate  segment  of  second  antenna 
with  but  one  seta.  Termioal  seg- 
ment of  second  leg  thiee-eigbths 
as  long  as  the  preceding  segment 
(Fig.  119a/}.  Furca  about  eight 
times  as  long  as  wide.  Both  ter- 
miziaJ  daws  strongly  bent  at  tip, 
nearly  smooth.  Ktght  palp  of  sec- 
ond muilla  of  male  Uiger  than 
the  left  one.  Terminal  seta  alnuC 
as  long  aa  width  of  (urea.  Malei 
common.    Ponds  in  woods;  ApdL 


60;    S)   Dnsal  view;    (<)   Stand 
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91  Teiminal  segment  of  second  leg  with  three  unlike  setae,  one  of  which 

is  reflexed(Fig.  1391  ^.  .  Subfamily  Candoninae  .   .     91 

93  (94)     Shell  reticulate,  very  tumid.    Small,  plump  forms,  not  more  than  0.80 
mm.  long.    Second  antenna  of  both  sexes  five-segmented. 
Paracandona  Hartwig  [899  .    .     93 


Shell  profusely  ornamented  with  polygonal    areas  and    tuberdes 
(Fig,  1291  a). 

Paracandona  eupUctdla  Brady  and  Norman  18S9. 


Length  as(>  to  o-iB  mm.,  height  aji  to  0.36 
mm.,  width  0.31  to  0.3^  mm.  Male  tomewbiu 
larger.  One  tennuiBl  cUw  of  mandibuhu'  palp 
fuied  to  termmal  lament  {Fig.  1391  e).  Furca 
■tout,  sx  times  as  Ions  as  wide.  Doiwl  acta  about 
length  of  Hibtenniiiarckw.  Termioat  >eta  weak, 
acarcrly  evident.  No  other  Candona-like  oitta- 
cod  shows  Ihe  orDaiDenlation  of  polygonal  areaa 
and  tulierclea.  The  spedfic  name  very  happily 
refers  to  the  atriking  extemal  appearance.  Shal- 
low, swampj'  regions,  in  mud  and  debtil  ol  the 
bottom;  qinng  months.    New  Jersey. 


95  (gS)     Furca  abnormal,  terminal  seta  absent  (Fig.  1293  b). 

Typhlocyprii  Vejdovsky  1882  . 


96  (95)    fuica  normal,  with  2  claws  and  3  setae  (Fig.  1394  h). 

Candona  Baird  1850  .    , 


97  (98)     Furca  nearly  straight.    Dorsal-valve  margins  evenly  curved  {Fig. 
1292  a-i) Typhlocyprit  pekcei  Turner  1895. 


Length  0.70  to  0.79  mm.,  width  0.13  to  0.31 

mm.,  height  0.33  to  0.37  mm.  Color  while, 
tinged  with  ydlow.  Shell  amcwth,  much 
comiHiiued.  Furca  nearly  straight,  and  about 
twelve  times  as  long  as  wide.  Subtenninal 
claw  more  than  two-thirds  length  of  terminal 
one.  Sciual.  Ejaculatory  duct  of  seven  whorb 
of  chidooua  aptnes.  Slullow,  weedy  ponds; 
June.    Georgia. 
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8  (97)    Furca  deddedly  curved. 
13930)-     -   - 


c:i 


Dorsal-valve  margin  i>  "  humped  "  (Fig. 
Typhlocypris  d^warensii  Tuiner  1895. 


Ereeniih  y™ .     . 

Tenmnal  clan  of  fuicm  deader  and  pUin.     Fum  slender  uid 
much  curved.    Creeks;  Mirch.    DeUwue.    (A  doubtful  fonn. 


>t  well  described.) 


it  view.  X  d;  {*)  I^lK>. 


99  (100)     Sliorter  seta  of  tenninal  segment  of  second  leg  outwardly  flexed 
(Fig.  129401) Catidona  refiexa  Sb&ipt  i&gj. 

SheO  twice  u  Ions  as  bigfa,  due- 
Tcous.  Second  leg  five-Mgmented, 
its  tmmnat  segment  u  wide  sslong, 
and  about  aoe-third  as  long  as  tne 
penultimate  segment.  Furca  eight 
times  as  long  aa  wide  and  aligfatly 
curved.  Dorsal  seta  as  long  as  aub- 
tennina]  claw.  This  is  the  only 
CandeHa  known  with  the  peculiar. 

Ciy  refleied  seta  of  the  second 
,  and  it  may  be  a  diarmcteristic 
oS  ■  young  Mage.  Tows  along  lake 
shores  along  the  bottom;  AptH  to 
November.    Illinois. 


100  (99)     Shorter  seta  of   terminal  segment  of  second  leg  not  ( 
flexed  (Fig.  i3g6A) 


loi  (loa)     Length  of  sheU  n 


^ 


ore  than  1.50  nun. 

Candtma  crogmani  Turner  1894. 

Length  1.51  mm.,  height  0.76  mm.,  width  0.5B  mm. 
Shell  uiin,  pelludd,  inequivaive,  freenish  yellow.  Mai- 
illaty  spines  iJain.  Second  leg  mdistinctly  segmented. 
Furo  straight,  ten  times  as  long  as  average  width,  its 
terminal  claws  pectinate.  Dorsal  seta  one-tUrd  length 
of  furca  from  subterminal  claw.  Shallow,  temporiiy 
pcmds;  December.    Georgia. 


view,  X  ij;  C)  Dond  view; 


101(101)    Lengthof  shell  not  more  than  1.50  mm 103 

103  (104)     Length  of  shell  less  than  one  mm 105 

t04  (103)    Length  of  shell  more  than  one  mm. 108 
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105  (to6)    Subterminal  daw  of  furca  decidedly  S-shaped  (Fig.  i9g6  <0- 

Candona  smpsoni  Sharpe  1897. 


Length  o.tj  mm.,  bdght  0.31  mm.,  width  o.ig 
mm.  Yellowish  white.  Left  valve  averlapa  the 
right.  Upper  and  lowec  valve  maigias  Dcariy 
paralW.  Furta  curved,  stout,  seven  times  a* 
kof  as  wide  with  the  subtenniDal  claw  deddedty 
S-ihaped  —  a  marked  character.  Donal  acta 
twice  width  of  furca  from  aubtenniDiJ  cUw,  and 
two-thirdi  its  length.  Bottom  forms  of  lake* 
and  liver  iborei,  and  ponds;  qirins  and  autumn. 


H  Hmfual.    (a)  SUe'^,  X  47;  W 
ft)  Secroduleanai  IS)  Fbics. 


I.,  bdght  041  to  0.46  mm., 
HdsBt  to  length  about  u 


106(105)    Subtenninal  daw  not  S-shaped  (Fig.  1397  c) 107 

107  Shell  with  dorsal  and  ventral  margins  nearly  paralld  (Fig.  1397  a). 

Candona  paraMa  G.  W.  MlUlcT  190a 

Length  o-jg  . 

width  0.J5  to  0.43  mm.  Height 
I  to  iS.  Furca  itnigbt,  about  leven  times  Bs  long  11 
wide,  its  terminal  seta  rudimentuy,  and  its  temUnal 
daws  doubly  i>ectinate  with  unuiuil  teeth.  Donal 
seta  ibout  twice  width  of  furca  from  subterminal 
daw.  Second  leg  Gve-Mgmented.  Swampy  pond*; 
May.    Colorado. 

Fio.  t 


108(109)     Furca  plainly  curved  (Fig.  1301  6) ria 

109  (108)     Furca  not  plainly  curved,  approximately  straight  (Fig.  i2^d).     no 

no  (in)    Both  daws  of  furca  plunly  S-^iaped  (Fig.  1398  J). 

Candma  siffMoides  Shaipe  1897. 


Length  of  male  i.i;  mm.,  baght 
i.6jmm.  SecoDd  leg  five-segmented. 
Furca  long  and  straight,  about  twdve 
times  u  wide  is  avenge  width. 
Donal  leta  about  four  times  width 
of  hires  fnun  subterminal  claw.  Fe- 
male not  fcoown.  Lake  and  river 
ikores;  May  and  October.    Ulinol*. 


Candma  sitmeidti.  (<)  S 
nale,  X  is:  (t)  Senndlcf 
aataiwi  W  Fucci. 
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III  (no)  Botbdawsof  furca  not  S-shaped  —  gently  curved  (Fig.  1199a). 
Candona  recticattda  Sharpe  1897. 
M&le  t.iS  DUD.  Umg,  0.70 
mm.  wide,  Shdl  curved  irith 
scBttcred  papitlar  elevatiaiis. 
Tbe  Bpermatogoaii  show 
thraugb  u  foui  bands.  Sec- 
ond 1^  ui-Kgmented.  Furcs 
Krsighl,  i.baut  thirUea  tinlcs 
u  kmg  as  wide,  with  a  doisal 
tinui  baac  of  f  urea  very  browl. 
Right  muillary  palp  ol  male 
dub->hiped(Fig.i3oo<0-  Bot- 
tom of  pondii  Fewuaif .    llli- 


#^W^ 


Cudamt  naii^jZ  (a) 
{»)  SccoDd  \tti  (c)  End  i 
auouu:  \t>  KWit  i 
palp  of  mak;  (()  Left  n 


113(113)    Second  leg  siz-segmented 114 

113  (ill)     Second  leg  less  than  six-segmented 116 

114(115)  Shell  with  fine  longitudinal  stiiations  when  in  ^yceiin.  Max- 
iUan'  palps  of  male  enormously  thickened,  then  fingeis  fuUy 
as  thick  as  the  stem  (Fig.  1300  lO- 

Candona  fabaejormis  Fischer  1854. 

Length  1,00  to  1. 16  mm.,  bdght 
0.47  to  o.somin.,  width  0.49  to  0.51 
mm.  Shell  yellowish  tnospannt, 
Mnwgly  compreaaed,  the  left  valve 
overiandng  the  right  at  both  ei- 
tremities,  and  also  with  dorsal 
flanges.  Furca  ten  times  as  loog 
as  wide,  straight.  Abundant  in 
small  p[>als  in  March,  April,  and 
September.     Georgia,  lUinoia. 


CiKAi«/r>ti»/aniHi. 

■ul*,  X  je;  {')  Sk 
Diary  palp  of  male. 


(a)  Side  view  of 
le  view  of  lemale. 
W  Riglit  map 


Shell  without  fine  longitudinal  stiiations.    Mazillaiy  palp  of  male 
with  finger  about  one-haU  as  thick  as  stem  (Fig.  1301  c). 

Candona  acuminata  Fischer  1854, 

Length  i.ao  to  i.so  mm.,  height  0.60  mm.,  width 

.46too.!Omm.     Posterior  extremity  of  shell  sharply 

— ._]    DouaJiy  about  as  Camfbua  /oiotfof  fn«j,  but 

ipreascd.  and  dtKsal  flanges  weaker.    Furo 


much  the  broader  at  Its  base.    River  shores  and 
ids  with  rich  vegetatioD;  April,  May,  and  Septem- 
Tens. 
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Shell  decidedly  arched  dorsally,  much  the  hi^est  in  the  middle 
(Fig.  1303  a}.    .   .  .     Canc/tMut  caffrfu/d  O.  F.  MtiUer  1785. 

Length  I. of  to  1.3a  nun.pheigfat  0.60  mm.  SMond  leg 
(out  or  indistuictl^  Qve-ugmenCed.  Furca  five  times  >■ 
long  as  average  width,  deddedly  curved.  Males  uncom- 
mon. Shallow,  temponry  poadi  and  ditches;  Aioil  and 
September.    Massachusetts. 
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CHAPTER  XXV 
HIGHER   CRUSTACEANS   (MALACOSTRACA) 

By  a.  E.  ORTMANN 

CwatK  iflMtrMfoH  Ztettty,  Cam^  Mnum,  POfOmtk. 

To  the  higher  Crustaceans  (subclass  Malacostraca)  belong  such 
fonns  as  the  sow-bugs,  scuds,  shrimps,  prawns,  crayfishes  or  craw- 
fishes, and  crabs.  These  popular  names  are  not  sharply  defined,  but 
it  appears  convenient  to  restrict  the  name  sow-bugs  to  the  Isopods, 
that  of  the  scuds  to  the  Amphipods.  For  the  Mysidacea,  the  term 
opossum-shrimps  has  been  introduced,  while  the  names  shrimps  and 
prawns  belong  to  certain  Decapods,  and  are  almost  synonyms:  the 
former  is  now  used  chiefly  for  the  smaller  forms,  the  Latter  for 
the  larger  ones.  Crayfishes  and  Crawfishes  are  the  Decapods  of  the 
genera  Cambarus  and  Polamohius.  Often  for  these  also  the  name 
crabs  is  used,  but  this  is  a  misnomer,  and  it  should  be  restricted  to 
marine  forms  of  the  type  of  the  common  edible  blue  crab. 

The  great  majority  of  the  Malacostraca  belong  to  the  sea, 
occurring  in  all  regions,  near  the  shore  as  well  as  on  the  bottom 
of  the  deep  sea,  and  floating  and  swimming  on  the  surface.  But  a 
considerable  number  have  entered  the  fresh  water,  and  are  found 
in  rivers,  creeks,  ponds,  lakes,  etc.  A  few  forms  are  known, 
which  live  parasitic  upon  other  aquatic  creatures. 

They  are  omnivorous,  feeding  on  vegetable  and  animal  matter, 
both  living  and  dead,  but  dead  and  decaying  matter  is  preferred 
by  most  of  them.  Asdlus  (of  the  Isopods)  distinctly  prefers  de- 
caying vegetable  matter,  while  Palaemontas  (of  the  Decapods) 
seems  to  be  qjecialized  as  a  mud-eater:  at  any  rate,  the  peculiar 
hair-tufts  on  the  claws  probably  serve  the  same  purpose  as  in  the 
allied  tropical  forms,  where  it  has  been  observed  that  th^  are 
used  in  gathering  mud,  like  a  small  brush. 

Generally,  the  fresh-water  Malacostraca  are  not  very  conspicu- 
ous, some  because  they  are  rather  small  and  easily  escape  detec- 
tion, while  othere,  which  are  lai^er,  keep  in  hiding,  undar  stones 
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and  logs,  in  boles,  or  among  vegetation.  But  they  are  present 
practically  everywhere,  and  in  most  bodies  ol  water,  even  small 
ones,  one  or  several  forms  may  be  expected  to  occiu:.  Certain 
forms  (burrowing  crayfishes)  do  not  live  in  open  water,  but  burrow 
in  the  ground,  going  down  to  the  ground-water;  their  presence  is 
indicated  by  piles  of  mud,  brought  out  of  the  holes. 

Fresh-water  Malacostraca  are  found,  with  exception  of  the  An- 
tarctic regions,  practically  all  over  the  world,  includu^  the  Arctic, 
but  naturally  are  most  abundant  in  the  tropics.  A  number  of 
groups  are  distinctly  characteristic  of  temperate  climates,  and  at 
least  one  group  (genus  Cambarus,  crayfish]  has  reached  its  highest 
development  in  North  America.  Here  Malacostraca  are  found 
everywhere,  but  chiefly  in  the  interior  basin  with  its  great  and 
diversified  river  systems.  They  become  rather  scarce  on  the  west- 
em  plains  and  in  the  arid  regions,  but  are  not  entirely  missing 
there.  The  various  forms  are  adapted  to  different  surroundings; 
some  prefer  large  rivers,  others  creeks  or  ponds,  or  small  poob, 
^rings,  and  even  subterranean  waters. 

They  belong  to  very  different  groups  of  the  subclass  Malacos- 
traca. The  latter  has  been  divided,  in  the  more  recent  systems, 
into  ten  orders,  and  of  these  four  possess  representatives  in  our 
fresh  waters;  Isopoda,  Amphipoda,  Mysidacea,  and  Decapoda. 
These  differ  very  much  in  their  outer  features,  in  general  shape 
of  body,  size,  color,  and  detaik  of  morphology,  so  that  it  is  hwd 
to  give  a  short  general  account  of  their  characters. 

The  body  may  be  only  a  few  millimeters  long,  up  to  one  or  two 
centimeters  (Isopods,  Amphipods),  or  it  may  be  somewhat  longer 
(Mysidacea  and  some  Decapods),  while  in  other  cases  (prawns  and 
.  crayfishes  among  the  Decapods)  it  may  reach  the  considerable 
length  of  ten  centimeters  and  over.  In  the  smaller  forms,  the 
color  is  generally  inconspicuous,  whitish  or  grayish,  often  more  or 
less  transparent.  The  lai^er  forms  have  more  distinct  colors,, 
which  may  become  quite  brilliant  in  certain  parts  of  the  body:  the 
large  claws  of  the  genus  Palaemon  (prawns)  are,  in  the  male  sex, 
often  red,  blue  or  purple.  The  crayfishes  are,  in  general,  of  green- 
ish or  brownish  oUve  tints,  but  as  a  rule  adult  males  are  more 
vividly  colored,  and  in  some  species  the  adult  male  assumes  a  color 
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entirely  different  from  the  greenish  female  and  young:  lighter  or 
darker  red.  At  least  two  species  are  remarkable  for  their  striking 
color  in'  both  sexes:  one  is  red,  the  other  is  beautifully  blue. 

The  morphological  characters  of  the  Malacostraca  are  the  follow- 
ing: 


¥10.1303.    Diicnmofi  higba  Cnuluxu.    (Alter  Cilman J 

.  The  body  is  enclosed  in  a  comparatively  hard  shell,  which  is 
articulated,  forming  a  number  of  successive  segments  or  somites, 
which  have  a  very  constant  nimiber.  Each  somite  may  be  com- 
pared to  a  ring,  which,  however,  is  not  completely  circular,  but  the 
upper  part,  called  tergum  or  tergite,  is  convex,  while  the  lower, 
sternum  or  stemite,  is  rather  flat.  The  two  unite  on  each  side, 
the  tergite  projecting  over  the  stemite,  and  this  projecting  part  is 
called  the  pleuron.  All  these  parts  (as  well  as  the  appendages) 
consist  of  a  hornlike  substance,  called  chitin,  very  often  reinforced 
by  a  considerable  amount  of  calcareous  matter. 

In  the  anterior  part  of  the  body  we  have  a  headpiece,  to  which  are 
added  several  more  or  less  obscure  somites  that  are  chiefly  indi- 
cated by  their  appendages.  As  the  foremost  appendage  we  may 
regard  the  eyes  (e  in  Fig.  1303).  These,  however,  may  not  be  true 
appendages.  Then  follow  two  pairs  of  feelers,  called  antenniilae 
(anti)  and  antennae  (ant) ;  one  pair  of  mandibles  (maruf) ,  and  two 
pairs  (first  and  second)  of  maxillae  (max). 

Behind  these  parts  the  segmented  body  begins,  including  fifteen 
somites,  which  all  (barring  reductions)  bear  appendages,  with  the 
exception  of  the  last,  the  telson  (f).    According  to  the  appendages. 
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the  body  is  distinctly  divided  into  two  parts:  the  anterior,  thorax 
or  trunk  (ih),  comprising  the  first  eight  somites;  the  posterior, 
abdomen  (abd),  with  the  six  following  (to  which  the  telson  is  added). 

The  appendages  of  the  thorax  are  called  thoracic  limbs.  Some 
or  all  of  the  first  three  of  them  ate  in  many  cases  specialized  as 
maxillipeds  (maxp),  and  in  this  case  the  following  five  are  called 
peraeopods  (perp)  ■  The  abdominal  appendages  are  called  pleopods 
iplp),  but  those  of  the  last  (sixth)  pair  are  often  differaitiated  in  a 
peculiar  way,  so  as  to  form  with  the  telson  a  caudal  fan,  and  in 
this  case  the  name  UFopods  {urp)  is  used  for  them. 

The  detail-structure  of  the  appendages  of  the  different  r^fma 
of  the  body  is  very  different.  The  eyes  (only  doubtfully  regarded 
as  appendages)  may  be  entirely  sessile,  or  may  be  elevated  upon 
short,  subcylindrical,  more  or  less  movable  eye-stalks.  The  an- 
tennulae  have  an  arriculated  base,  with  one  or  two  terminal,  articu- 
lated branches  (flagella).  The  antennae  have  an  articulated  basal 
part,  with  one  terminal,  articulated  flagellum,  and  often  the  basal 
part  has  a  lateral  scalelike  process:  the  antennal  scale  or  scapho- 
cerite. 

The  mandible  consists  of  a  more  or  less  solid  part,  to  which  an 
articulated  palpus  may  be  attached.  The  maxillae  are  of  various 
shapes,  and  are  probably  to  be  regarded  as  modified  anterior 
thoracic  appendages.  They  consist  of  an  inner  and  an  outer 
branch  (endopodite  and  exopodite),  which,  however,  are  often 
augmented  by  certain  parts  belonging  originally  to  the  gill  appa- 
ratus. 

The  most  marked  difference  is  between  the  thoracic  and  the  ab- 
dominal appendages.  The  former  consist  originally  of  a  larger, 
seven- jointed  inner  branch  (endopodite),  and  a  smaller,  articu- 
lated outer  branch  (exopodite),  but  the  latter  may  be  absent. 
The  seven  joints  of  the  endopodite  are  rather  constant,  althou^ 
some  of  them  may  become  united,  or  others  may  be  subdivided. 
They  have  received  separate  names,  which  are,  from  the  proximal 
to  the  distal  end:  coxa,  basis,  ischium,  merus,  carpus,  propodtis, 
dactylus  (or  coxopodite,  badpodite,  etc.).  In  certain  thoradc 
limbs,  the  last  two  joints  (propodus  and  dactylus)  assume  a  pecu- 
liar position,  forming  a  chela  pinchers,  claws). 
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The  typical  plec^xxis  consist  of  a  simple  basal  part,  with  two  sub- 
eqital,  terminal,  articulated  branches.  But  in  many  cases  differen- 
tiations and  reductions  are  observed,  the  most  important  being 
that  of  the  uropods,  referred  to  above,  and  the  transformation  of 
certain  pleopods  into  copulatory  organs  in  the  male. 

In  certain  forms  (Mysidacea  and  Decapoda)  the  dorsal  shell  of 
the  most  anterior  part  of  the  body  (head)  is  produced  backward, 
and  covers  more  or  less  the  thoracic  somites  in  the  shape  of  a  shield, 
curved  down  over  the  sides,  which  is  called  the  cephalothorax  or 
canqiace  (car).  Very  often  the  carapace  has  a  median  anterior 
projection,  called  the  rostrum  (/). 

The  branchial  appara.tus  of  the  Isopods  is  formed  by  the  pleo- 
pods. In  all  other  groups  special  appendages  (gills)  of  the  thoracic 
somites  assume  this  fimction;  they  may  be  attached  to  the  sides 
of  the  thorax,  or  to  the  basal  parts  of  the  thoracic  limbs. 

The  genital  openings  of  the  male  are  always  originally  on  the 
coxopodite  of  the  ei^th  trunk-leg  (or  fifth  peraeopod),  those  of  the 
female  on  the  sixth  (or  third  peraeopod),  but  in  certain  cases  either 
one  of  these  may  shift  to  the  stemite. 

All  Malacostraca  of  the  fresh  water  have  separate  sexes,  and 
very  often  the  males  are  distinguished  by  secondary  sexual  char- 
acters (size,  color,  development  of  claws).  Copulation,  or  rather 
conjugation,  seems  to  take  place  in  all  of  them,  although  this  has 
been  observed  in  detail  only  in  very  few  forms:  it  is  best  known  in 
the  crayfishes. 

Propagation  is  by  eggs.  In  the  smaller  forms  (Isopoda,  Amphi- 
poda,  Mysidacea),  very  little  is  known  about  propagation  and 
development,  and  with  regard  to  the  North  American  forms  of 
these  groups  investigations  are  altogether  lacking.  But  from  what 
is  known  of  exotic,  chiefly  European,  forms  it  is  probable  that  in  all 
the  eggs  are  carried  by  the  female  for  a  certain  period,  before  the 
young  are  set  free.  In  the  Isopods,  the  female  develops  during 
the  breeding  season  peculiar  lamellae  at  the  base  of  some  thoracic 
legs  (four  pairs  in  Asellus) ,  which  serve  to  cover  and  to  hold  the  eggs. 
In  the  Ampbipods  and  Mysidacea  similar,  but  greatly  variable,  de- 
vices are  present,    hx  the  Decapods,  no  such  apparatus  is  known, 
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but  here  the  eggs  are  attached  to  the  pleopods  and  are  carried 
under  the  abdomen  of  the  mother  till  the  yoimg  are  ready  to  hatch. 

Within  these  brood-pouches  the  embryonal  development  takes 
place.  After  the  young  have  reached  a  more  or  less  advanced 
stage,  they  leave  the  egg,  but  always  remain  a  certain  time  in  the 
brood-room  of  the  mother.  In  the  Isopods  (Aseilus)  the  young 
leave  the  e^  at  a  rather  early  stage,  and  they  have  yet  to  undei^o 
considerable  changes;  in  the  other  groups  the  larva  hatches  in  a  more 
advanced  stage,  and  the  subsequent  chaises  are  slight.  In  none 
of  our  fresh-water  crustaceans  are  free  swimming  larvae  known,  but 
these  might  be  present  in  the  families  Atyidae  and  Palaemonidae, 
in  which  such  have  been  observed  in  their  allied  marine  forms. 

Of  the  life  history  of  the  Isopods,  Amphipods,  Mysidacea,  and 
most  of  the  DecajMids,  practically  nothing  is  known.  However,  in 
the  Decapod-genus  Cambarus  (crayfishes)  more  complete  informa- 
tion is  at  hand. 

After  hatching,  the  young  crayfishes  remain  for  a  short  time 
with  the  mother,  but  soon.leave  her,  and  grow  in  the  beginning  at 
a  rather  rapid  rate,  each  increase  in  size  being  connected  with  a 
moulting  of  the  shell.  Later,  they  grow  less  rapidly,  and,  after  the 
first  summer,  we  may  distinguish,  in  general,  a  'spring  and  an 
autumn  moult.  The  total  length  of  life  seems  to  be  several  years: 
four,  five,  or  even  more.  Sexual  maturity  may  be  reached  within 
the  first  year,  at  least  in  some  species.  Males  and  females  attain 
about  the  same  size,  but  in  most  ^cies  (except  the  burrowing) 
the  male  possesses  much  stronger  chelae  than  the  female. 

A  very  peculiar  difference  is  found  among  the  males,  which  at 
first  was  believed  to  be  dimorphism,  but  has  now  been  recogiiized 
as  alternating  conditions  in  the  life  of  the  same  individual.  Males 
of  the  first  form  have  been  distinguished  from  males  of  the  second 
form;  the  former  is  the  fully  developed  and  sexually  potent  form, 
while  the  latter  is  an  impotent  form.  Generally  speaking  the  first 
form  is  assumed  by  the  male  in  autumn,  and  lasts  through  the 
winter  (copulating  season),  while  the  other  is  assumed  in  spring, 
and  lasts  through  the  summer.  Young  males,  in  their  first  suimner, 
are  always  of  the  second  form.  The  difference  between  these  two 
forms  is  seen  in  the  sexual  organs :  in  the  Jiales  of  the  second  form 
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these  organs  are  softer,  the  homy  tips  are  undeveloped,  and  the 
copulatory  hooks  oa  the  ischiopodites  of  the  peraeopods  are  small. 

According  to  the  general  rule,  that  the  males  assume  the  first 
form  in  autumn,  the  copulating  season  faJh  in  the  autumn,  and 
copulation  may  be  repeated  in  the  winter  months.  The  male 
seizes  the  female  and  holds  it,  stemites  against  stemites,  chiefly 
by  -the  aid  of  the  hooks  of  the  ischiopodites  of  the  peraeopods. 
The  sperm  b  discharged  and  stored  in  the  female's  anmdus  ven- 
irdis,  a  pocket  on  the  thoradc  sternum,  which  thus  sesrves  as 
receptaculum  seminis.  Oviposition  takes  place  later,  generally  in 
^ring. 

This  seasonal  cycle,  as  described,  is  not  observed  in  all  spedes, 
but  there  are  some,  in  which  the  alternation  of  the  two  forms  of 
the  male  is  irregular  and  not  connected  with  the  seasons,  and 
where  copulation  and  oviposition  are  also  irregular.  It  has  been 
found  that  regularity  of  the  annual  cycle  is  connected  with  a  habi- 
tat in  water  which  is  subject  to  regular  and  considerable  seasonal 
changes  of  temperature  (species  living  in  rivers  and  ponds),  while 
irregularis  of  the  life-cycle  is  found  among  those  which  live  pref- 
erably in  water  with  slight  temperature  changes  and  that  at  the 
same  time  is  rather  cool  (species  of  mountain  streams  and  of  cool 
springs  or  groimdwater). 

The  fresh-water  Malacostraca  depend  entirely  upon  the  presence 
of  water,  and  caimot  leave  the  water  as  a  rule.  This  holds  good 
for  the  Isopoda,  Amphipoda,  and  My^dacea,  and  also  for  the 
Atyidae  and  Palaemonidae  among  the  Decapoda.  In  the  water,  the 
Isopods  (except  the  parasitic  forms)  crawl  around  on  the  bottom, 
imder  stones,  or  climb  among  water  weeds,  but  do  not  move  by 
swimming.  The  Amphipods  are  very  lively  in  their  movements, 
which  consist  chiefly  of  swimming,  often  lying  upon  the  side.  The 
swimming  is  often  done  in  jerks,  by  curving  and  stretching  the 
compressed  body.  They  move  also  by  climbing  among  water  weeds, 
but  hardly  ever  by  crawling.  All  Mysidacea  are  distinctly  swim- 
ming forms,  and  so  are  the  Atyidae  and  Palaemonidae  among  the 
Decapods,  while  the  movements  of  the  crayfishes  are  of  various 
kinds,  but  fall  under  two  main  heads:  crawling  and  swimming. 
The  first  is  the  general  mode  of  locomotion.    It  is  not  very  r^id 
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and  may  take  place  in  ail  three  directions:  forward,  backward, 
and  sideward.  More  rarely  the  crayfishes  move  by  swimming,  and 
chiefly  so  when  alarmed  and  trying  to  escape;  this  swimming  is 
always  backward,  and  is  effected  by  quickly  repeated  strokes  of 
the  abdomen.  This  kind  of  locomotion,  however,  is  kept  up  only 
for  short  distances. 

With  regard  to  the  habitat,  not  much  detail  is  known  in  the  iso- 
pods  and  amph^iods.  They  seem  to  prefer  more  quiet  bodies  of 
water,  small  streams  and  springs,  to  the  larger  rivers.  Some  of 
them  are  not  very  particular  as  to  their  habitat,  and  consequently 
possess  a  very  wide  geographical  distribution,  while  others  are  very 
restricted,  possibly  on  account  of  special  habitat  preferences.  The 
only  Mysidacean  found  in  North  America  (Mysis  relicta)  inhabits 
the  Great  Lakes  to  a  considerable  depth  (as  do  two  Epedes  of  the 
Amphipod-genus  Pontoporda).  The  genus  Palaemon  of  the  Deca- 
pods is  known  only  from  our  largest  rivers  (Mississippi  and  Ohio). 

In  the  genus  Cambarus,  very  complex  conditions  are  observed 
and  the  different  £{)edes  differ  considerably  in  their  ecology.  Al- 
though they  all  need  water  for  their  existence,  it  ts  a  general  rule 
that  all  crayfishes  are  able  to  leave  the  water  temporarily,  and 
some  may  stay  out  of  the  water  for  a  considerable  time,  and  do  so 
habitually.  Of  course,  in  order  to  moisten  their  gills,  they  always 
have  to  return  to  the  water. 

In  the  water,  the  crayfishes  try  to  hide,  either  under  rocks,  logs, 
water  weeds,  etc.,  or  they  construct  artificial  hiding  places  (holes 
and  burrows).  The  latter  tendency  is,  as  will  be  seen,  especially 
developed  in  certain  ecological  groups.  In  connection  with  this 
tendency  to  hide  probably  is  the  fact  that  the  crayfishes  seem  to  be 
more  or  less  nocturnal. 

With  regard  to  their  ecological  preferences,  different  types  have 
been  distinguished  in  the  genus  Cambarus.  These  are  the  fol- 
lowing: 

I.  Spedes  living  in  quiet  waters:  slowly  running,  large  rivers, 
ponds,  lakes.  To  this  group  belongs  chiefly  the  subgenus  Cam- 
barus, and  its  distribution  over  the  coastal  plains  and  the  interior 
basin  expresses  this  ecological  habit,  since  here  such  conditions  are 
pre-eminently  found.    But  certain  spedes  of  the  subgenus  Faxomus 
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also  prefer  these  surroundings.     These  species  are  content  with 
hiding  under  other  objects,  and  make  holes  only  incidentally. 

2.  Species  Uving  preferably  in  water  with  a  rather  strong  current 
(o)  Species  of  the  larger  rivers.    The  subgenus  Faxonius  is  typi- 
cal for  this  habitat,  and  the  location  of  its  center  of  distribution  in 
the  central  basin  with  its  large  rivers  expresses  this. 

(b)  Species  living  in  small  streams  of  the  uplands.  The  repre- 
sentatives of  this  habitat  belong  chiefly  to  the  subgenus  Bartonius, 
and  its  distribution  over  the  Appalachian  Mountains  and  the  Alle- 
gheny and  Cimiberland  Plateau  clearly  indicates  this. 

Of  course,  there  are  all  transitions  between  habitats  (a)  and  (b), 
as  many  of  the  river  species  go  well  up  into  the  head-waters,  and 
vice  versa.  Yet  the  original  differentiation  in  the  habitat  of  the 
subgenera  Faxonius  and  Bartonius  is  very  evident.  All  these  spe- 
cies in  running  water  are  good  burrowers,  and  they  generally  ex- 
cavate holes  under  protecting  stones,  etc.  In  some  of  the  species 
from  the  mountain  streams  this  faculty  of  burrowing  is  rather  highly 
developed,  and  leads  us  to  the  next  ecological  type. 

3.  Burrowing  species  ("chimney  builders").  These  ^edes  have 
retired  from  the  open  water  into  the  ground  water,  and  one  may 
understand  the  origin  of  this  peculiar  habit  by  imagining  that 
forms  in  the  small  upland  streams,  with  well-developed  burrowing 
faculties,  were  forced,  in  periods  of  draught,  when  the  streams  in- 
habited by  them  began  to  dry  up,  to  dig  down  in  the  bed  into  the 
gravel  and  mud,  to  reach  the  water.  Or  one  may  imagine,  that 
they  ascended  in  the  streams  up  to  the  sources,  and  went  tmder 
ground,  where  the  water  appears  in  the  shape  of  springs.  In  a 
number  of  species  this  tendency  has  been  carried  to  an  extreme,  and 
it  b  known  that  these  live  habitually  under  the  surface  of  the 
earth,  in  the  ground-water,  where  they  excavate  more  or  less  com- 
plex systems  of  holes,  burrows,  or  tunnels,  which  open  upon  the 
surface  in  one  or  more  openings.  These  burrows  are  buUt  by  the 
crayfish,  by  using  the  chelae  in  digging  (hence  the  similarity  of  the 
chelae  in  both  sexes),  and  the  material  removed,  mud,  clay,  etc., 
is  carried  to  the  surface,  where  it  is  piled  up  around  the  mouth  of 
the  burrow  in  irregular  or  regular  piles,  generally  known  by  the 
name  of  "mud  chimneys. "    These  burrows  and  chiefly  the  mud 
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chimneys  have  attracted  much  attention,  and  the  idea  has  been 
advanced  that  the  chimneys  are  constructed  by  the  crayfish  for  a 
certain  definite  (useful)  purpose.  But  recent  investigations  seem  to 
point  to  the  condu^on  that  the  regular  shape  of  the  chimneys, 
when  present,  is  accidental,  and  the  mud  piles  are  nothing  but  the 
natural  product  of  the  burrowing,  disposed  of  in  the  most  con- 
venient way  (around  the  mouth  of  the  hole).  The  burrows  them- 
selves are  rather  irregular,  more  or  less  complex,  and  consist  of 
simple  tunnels,  often  branching,  and  one  or  more  pockets,  or  widen- 
ings  of  the  tunnel.  They  go  down  into  the  ground  from  one  to 
several  feet,  but  always  deep  enough  as  to  contain  ground-water,  at 
least  at  the  bottom. 

Burrowing  species  are  foimd  chiefly  in  the  subgenus  Bartonius, 
and  form  a  very  well  defined  morphological  group,  and  it  is  just 
this  group  of  this  subgenus,  which  has  spread  out  from  the  original 
territory  (the  mountains),  and  has  descended  into  the  plains.  On 
the  western  and  southwestern  plains  is  found  another  group  of 
burrowers  which  belong  to  the  subgenus  Cambarus. 

Another  q>ecial  ecological  group  should  not  be  fotgotten.  These 
are  the  cave  species.  With  the  exception  of  the  Mysidacea,  all 
our  fresh-water  Malacostraca  have  developed  certain  forms  which 
are  adapted  to  the  life  in  subterranean  waters,  and  live  in  caves, 
firings,  artesian  wells,  etc.  This  peculiar  habitat  has  affected 
their  structure  greatly,  and  the  most  important  and  interesting 
feature  is  the  loss  of  the  eyes.  Some  of  these  forms  are  entirely 
blind,  having  lost  the  visual  elements  of  the  eyes  (cornea  and  pig- 
ment), while  in  others  the  reduction  is  only  partial. 

Among  the  Isopods,  the  only  North  American  fresh-water  form, 
belonging  to  the  Cirolanidae,  is  a  blind  subterranean  form  (Ciro- 
lanides  texensis,  Fig.  1 304) .  Of  the  Asellidae,  some  live  in  caves  and 
have  suffered  the  loss  of  the  eyes.  This  is  especially  true  of  the 
genus  Caaidotea,  the  species  of  which  have  been  found  in  caves  of 
Virginia,  Georgia,  Tennessee,  Kentucky,  Indiana,  Illinois,  and  in 
subterranean  waters  m  Texas.  Mancasellus,  which  possesses  eyes, 
has  often  been  found  in  caves  or  in  streams  issuing  from  caves;  it  also 
lives  in  the  Great  Lakes. 
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The  fresh-water  Amphipods  are  remaAable  for  the  development  of 
eyeless  cave  fonns;  in  fact,  there  is  a  strong  tendency  among  them 
toward  underground  life.  Of  the  20  species  known,  10  or  11  seem 
to  be  inhabitants  of  caves,  wells,  or  springs.  Not  all  of  them  have 
the  eyes  reduced,  but  the  species  of  the  geaaa.Crangonyx,Slygonecles, 
and  Apocrangonyx  are  actually  blind,  and  there  is  a  blind  species 
in  each  of  the  genera  Eucrangonyx  and  Gammarus,  while  the  other 
species  of  these  two  genera  show  all  transitional  stages  from  well- 
developed  eyes  to  more  or  less  reduced  eyes.  The  correlation  be< 
tween  subterranean  life  and  reduction  of  the  eyes  is  very  evident  in 
this  group. 

The  only  species  of  the  decapod-family  Atyidae  found  m  the 
Vtdled  St&tes,  Pala&nonias  ganteri  (Fig.  131 1),  is  a  blind  cave-form, 
and  it  was  discovered  only  recently  (1901)  in  the  waters  of  Mam- 
moth Cave  in  Kentucky.  This  form  has  eye-stalks,  but  the  visual 
elements  of  the  eye  are  gone.  This  is  an  extremely  interesting 
form  on  account  of  its  primitive  structure  as  well  as  its  geographical 
relations.  Most  of  the  members  of  this  family,  which  is  strictly  a 
fresh-water  group,  are  found  in  the  tropical  and  subtropical  regions 
of  both  hemi^heres,  but  a  fonn  very  closely  allied  to  the  American 
is  known  from  caves  in  Camiola,  Austria. 

In  the  family  Palaemonidae  is  included  PalaemoneUs  arUrorum, 
which  was  discovered  in  an  artesian  well  in  Texas.  Also  this  species 
is  provided  with  eye-stalks,  but  the  eyes  themselves  are  obliterated. 

Within  the  genus  Cambarus  of  the  family  Fotamobiidae,  five 
cave  species  are  known.  They  are  all  blind,  but  the  ^e-stalks  re- 
main. These  species  belong  to  different  subgenera,  and  the  best 
known  is  the  famous  blind  crayfish  of  Mammoth  Cave  in  Ken- 
tucky {pambarus  peUucidus),  which  is  also  found  in  other  caves 
in  Kentucky  and  in  Indiana.  It  belongs  to  the  subgenus  Pax- 
onius,  and  represents  a  rather  ancient  type,  so  that  we  are  jus- 
tified in  regarding  it  as  an  old  immigrant  into  the  subterranean 
waters.  Three  ^>ecies  (C.  hamidatus,  C.  setosm,  and  C  ayerst) 
belong  to  the  subgenus  BarUmius,  representing  a  primitive  section 
of  it.  The  first  of  these  is  found  in  Nickajack  Cave  in  eastern 
Tainessee,  while  the  two  others  are  from  caves  in  the  Ozark  region 
in  Missouri.    These  three  species  also  must  be  old  immigrants  into 
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the  caves.  The  fifth  of  the  bUnd  species  is  C.  ackerontis,  found  in 
caves  in  Florida.  This  belongs  to  the  subgenus  Cambarus,  and  is 
a  member  of  a  rather  highly  advanced  section  of  the  subgenus 
which  is  common  on  the  coastal  plain,  and  is  to  be  regarded  as  a 
more  recent  addition  to  the  cave  fauna. 

The  economic  value  of  the  &esh-water  Malacostraca  is  very 
different  in  the  different  groups.  While  the  isc^Kxis,  amphipods, 
and  Mysidacea  are  small,  the  decapods  are  larger,  but  also  of  these 
the  Atyidae  and  certain  Palaemonidae  attain  only  a  medium 
size.  These  groups  naturally  have  only  an  inferior  value  for  man, 
and  are  generally  overlooked  and  neglected.  Of  the  larger  forms, 
certain  species  of  Palaemon  (prawns,  also  called  shrimps),  and  the 
crayfishes  have  attracted  attention,  and  are  used  by  man,  pri- 
marily as  food.  Although  this  is  generally  the  case  in  Europe  and 
with  a  number  of  tropical  forms,  in  North  America  they  are  not 
very  popular,  and  are  only  occasionally  eaten;  yet  there  is  no 
doubt  that  Polamobius  and  Cambarus  are  to  be  regarded  as  part 
of  the  natural  food  supply  of  this  country.  Other  uses,  for  instance 
as  fish  bait,  should  be  mentioned  incidentally. 

On  the  other  hand,  some  kind  of  damage  or  injury  done  to  man 
or  man's  woj^  has  also  been  noticed  in  so  far  as  certain  burrowing 
species  are  liable  to  damage  dams  or  levees,  or  to  interfere  with 
farming  operations.  The  latter  species  are  abo  reported  to  be 
injurious  to  crops,  chiefly  to  sprouting  plants. 

In  the  general  economy  of  nature,  all  the  higher  crustaceans 
perform  a  twofold  task.  First,  on  account  of  their  general  habit 
of  devouring  masses  of  decaying  vegetable  and  animal  matter, 
they  are  to  be  counted  among  the  scavengers,  and  second,  they 
themselves  serve  as  food  for  other  animals.  They  are  most  impor- 
tant as  fish-food,  and  even  the  larger  forms  are  eaten  by  the  larger 
fishes.  In  addition,  a  number  of  other  creatures  feed  upon  them 
(amphibians,  water  snakes,  birds,  and  certain  mammals). 

Collecting  Malacostraca  is  comparatively  easy:  the  chief  thing 
is  to  ascertain  their  whereabouts.  This  is  done  along  the  banks 
of  streams,  ponds,  or  lakes  by  tumii^  over  stones  or  logs,  by 
investigating  overhanging  banks,  or  examining  bunches  of  water 
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weeds.  The  smaller  fonns  may  be  taken  in  numbers  by  transfer- 
ling  water  weeds,  dead  leaves  or  other  rubbish  found  on  the  bottom 
into  tubs  or  dishes,  and  picking  out  the  specimens  with  a  pair  of 
pincers.  The  larger  fonns  must  be  cau^t  by  hand,  or  with  a 
small  dip-net  (minnow  netting).  For  many  forms  the  seine  is  a 
very  successful  implement. 

In  collecting  the  burrowing  crayfishes  special  efforts  are  neces- 
sary. It  sometimes  happens  that  the  crayfish  can  be  mduced  to 
come  to  the  mouth  of  its  hole  by  destroying  the  entrance.  But 
gmerally  the  collector  should  not  hesitate  to  go  after  the  crayfish 
by  digging  it  out  Of  course,  a  q>ade  or  shovel  is  most  ^dent, 
although  often  too  heavy  to  be  carried  along,  but  a  strong  garden- 
ers' trowel  is  very  convenient:  the  best  tool  is  a  so-called  pioneers' 
bayonet.  With  this  the  ground  should  be  loosened  around  the 
hole,  and  the  dirt  be  taken  out  with  the  hands,  care  being  taken 
always  to  follow  the  direction  of  the  hole.  By  digging  deep  ^ough 
(i  to  3  feet),  finally  the  pocket  will  be  reached,  in  which  the  cray- 
fish lives,  and  then  it  may  be  taken  out. 

Preservation  should  always  be  in  alcohol.  Formalin  should  be 
avoided,  except  in  cases  of  necessity.  Even  then  the  spedmeos 
should  never  be  left  in  the  formalin  for  a  long  time:  it  hardens 
than  too  much,  makes  all  the  appendages  brittle,  and  renders 
them  unfit  for  safe  handling.  The  best  results  are  obtained  by 
killing  them  in  weak  alcohol  and  transferring  them  into  stronger 
{2  to  3  changes),  until  they  finally  are  in  75  to  80  per  cent  alcohol: 
when  so  treated  all  appendages  remain  soft  and  flexible  as  in  life. 

For  sdentific  study  no  special  work  is  required  in  the  case  of 
the  larger  forms,  and  all  systematic  characters  may  be  seen  with 
the  bare  eyes  or  by  the  use  of  a  hand-lens.  In  the  smaller  forms 
it  is  necessary  to  study  the  appendages  separately.  They  should  , 
be  teased  out  under  a  dissecting  microscope  (usii^  two  pairs  of 
pincers)  and  mounted  in  the  usual  way  upon  microscopic  slides. 
Care  should  be  taken  that  the  appendages  are  taken  out  in  the 
proper  order,  so  that  they  do  not  become  mixed.  For  the  micro- 
scopic investigation  a  very  low  power  is  suffident. 
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KEY  TO   NORTH    AMERICAN    FRESH-WATER   MALACOSTRACA 

I  (16)     Without  carapace,  but  first  thoracic  somite  coalesced  with  the  head. 
Eyes  (when  present)  sessile.    Thoracic  limbs  without  ezopo- 

dites,  first  pair  modified  as  maxillipeds 3 

a  (11)     Body  depressed.     Pleopods  biramous,  uniform  in  shape,  with  excep* 
tion  of  the  uropods  and  the  anterior  pairs  of  the  male. 

Order  In>pod«.   .    3 
$  (4)     Uropods  lateral,  forming  ^th  the  telson  a  tail-fao. 

Family  Cirolanidae. 
Only  one  genus  and  one  species  in  the  United  SUtes, 

Cirolanides  lexensis  Benedict  1896. 

This  is  a  blind  form,  vhlcfa  his  beeo  found  in  ui  ute- 
■iui  veil  Id  Texas.  All  oCber  repmentitivea  of  thii 
family  am  marine.    Many  of  Ukbi  are  ectoparuitea  on 

Pia.i)04.    CinlamUt,  Utmiii  BeauOet.    X  4. 
(Alia  RidiuduD.J 

4  (3)    Uropods  inserted  at  the  posterior  end  of  the  telson,  not  forming  a  tail- 

fan 5 

5  (10)    Pleopods  covered  by  a  thin  opercular  plate,  the  modified  first  pair. 

Body  symmetrical.    Free  living.    Family  Asellidae.    .     6 
Thia  b  a  typical  [reah-water  lamUy. 

6  (7)    Mandibles  without  a  palp.    Last  six  pairs  of  thoradc  l^s  with  dacty- 

lus  biunguicukte MaitcaseUus  Hargor. 

Five  spedea,  living  in  sfningi  and  cavea.  some  in  riven  and  lalua.    Eye*  present  in  all,  but 

7  (6)    Mandibles  with  a  thiee-jointed  palp.    Last  six  pairs  of  thoracic  lep 

with  dactylus  uniunguiculate 8 

8  (q)    Eyes  present.    Head  narrower  than  the  first  thoracic  segment.    Telson 

not  longer  than  broad Aiettta  GeofEroy. 


widely  distributed,  others  more  local, 
ponda,  dilcbea.  etc,  living  amoni  decaying  vegeta- 
ble maltet. 


uSay.    Xi.    (AiterSi 
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9  (8)    Eyes  wanting.    Head  not  narrower  than  the  first  thoradc  segment. 

Telson  much  longer  than  broad.    .   .     CatcidoUa  Packard. 
Four  gpcdei,  in  cives,  Bpringa  issuing  liaat  mves,  «nd  utcaan  wcUt. 

10  (s)     Pleopods  not  covered  by  an  opercular  i^te.    Body  of  female  pecu- 

liarly deformed,  unsymmetridd,  that  of  the  maJe  more  or 
less  normal  and  symmetrical.  Parasitic  upon  hi^er  crus- 
taceans       Family  Bopykidae. 

Only  one  genus  in  the  North  American  fresh  waters. 
Probopyrtu  Giard  and  £ 


ChieSy  ft 

known    (roi_    ..._ . __    _. 

America,  enters  witli  its  hosts,  bdn^  fo 

parasitic  upon  the  gills  and  in  the  gill  ay- 
nits  of  Det^pods  of  the  gEnem  Palaemo- 
tula  and  Palaami*.  TtiRe  spedes  are 
kiMwn,  and  sre  found  aliHig  the  Atlantic 
coast  from  Neir  Hsmsphire  to  Florida,  and 
in  tbe  Miasis&ppi  River  in  Louisiana. 


II  (2)  Body  compressed.  Pleopods  divided  into  two  sets,  the  first  three 
pairs  with  multiarticulate  rami,  the  last  two  pairs  generally 
similar  to  the  uropods,  with  unsegmented  rami.  No  sexual 
modification  of  pleopods  in  the  inale. 

Order  Amphlpoda  ,   .     11 

13(25)    Antennulae  with  secondary  flagellum.    Telson  cleft  or  entire.  .  .     13 

13  (14)     Fifth  peraeopods  shorter  than  the  preceding.     Second  maxiUipeds 

smaller  than   the  first.     Uropods  with  two  nearly  equal 

rami Family  Lysianasstoae. 

Only  one  fresh-water  genus  in  North  America.  .  Ponloporeia  Kroyer. 

Tbis  family  is  chieSy  marine;  two  spe- 
des live  in  rather  deep  water  of  the  takes 
Superior  and  Michigan.  These  spedes 
are  dcsely  allied  to  certain  European 
fresh-water  forms,  and  probably  inuni- 
grated  into  the  lakes  at  the  dose  of  the 
gladal  time. 


14  (13)    Fifth  petaeopods  longer  than  the  preceding.     Second  maxiUipeds 

generally  larger  than  the  first.    Uropods  with  two  unequal 

rami  or  without  rami.    .    .    .     Family  Gauuaridae.    .     15 

A  family  repreietiled  both  in  the  sea  and  in  fresh  water,  and  containing  a  great  numbcf  of 

15  (20)    Telson  cleft.     Uropods  biiamous 16 
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17  (18)    Outer  ramus  of  third  uropods  uniarticulate. 

Eucrangonyx  Stebbing. 
Five  nxdes  ace  known,  living  in  pondi,  aptiagt,  and  mlli.    Eyes  dtber  well  developed  or 
man  or  less  rudimeuuiy.    One  species  is  bliod. 

18(17)    Outer  ramus  of  third  uropods  biarticulate Niphargm  Hay. 

A  single  spedes  in  avts  in  Tennesaee,  witb  the  eyes  wanting  at  very  nidimenlary. 

19  (16)     Inner  ramus  of  uropods  not  rudimentary,  one-half  or  three-fourths 

as  long  as  the  outer.    Telson  deft  to  the  base  or  nearly  so. 

Gammanis  Fabricius. 

Six  apedes.  two  of  them  (C  fasciatus  Say 
and  C.  Jttmuuiu 'Smith),  rather  ^>undant  in 
rivers,  lakes,  and  sinallei  bodies  of  watOT. 
The  other  spedes  are  man  local.      Eyes 


present,  but  one  siedea  t 
iotmotr  "^ 


I)  of  Cuba. 

Fio.  1308.   Gammana  (tMunu  Smith.    X  1. 
(After  Smtth.) 

30  (15)    Telson  entire 31 

ai  (34)    Third  tvopods  with  rami aa 

ai  (23)    Third  uropods  imiramus.    Telson  short  and  broad.    Crangimyx  Bate. 

Three  spedes  are  known,  all  without  eyes,  living  in  caves  and  wells,  and  with  very  local 
distribution  {Kentucky,  Indiana,  Connecticut,  Wisconsin). 

23  (22)  Tlurd  uropods  biramous,  inner  ramus  rudimentary,  outer  uniarticu- 
late.   Telson  long Stygonectes  Hay. 

Only  one  blind  spedes,  found  in  bn  artesian  well  in  Teias. 
34  (ai)    Third  uropods  without  rami Apocrangonyx  Stebbing. 

One  spedes,  blind,  from  a  well  in  IlltDois. 

as  (la)  Antennulae  without  secondary  flagellum.  Telson  entire.  Third  uro- 
pods uniramous Family  ORCttESTODAE. 

lUs  family  is  abundantly  represented  in  the  sea. 

Only  one  genus  and  species  in  the  fresh  water  of  North  America. 

Hyaieiia  knickcrbockeri  (Bate)  1861. 

This  spedes  possesses  a  very  wide 
range,  and  is  fbimd  in  rivers,  poods  and 
lakes  fitun  Maine  to  Florida  and  CalE- 
fomia  (and  extends  southward  into  Cen- 
tral Ameiics).  This  genus  (ffyoMla)  is 
remarkable  for  the  fact  that  all  its  spe- 
des are  found  exdusively  in  fresh  water 
and  are  lestricted  to  North  and  South 
I  America. 

Pio.  tja».    ByaUla  kmkktrtMheri  BUe. 
X  S.    (Aftn-  Smith.) 

a6  (i)  With  a  carapace.  Eyes  upon  movable  eye-stalks.  Thoracic  limbs 
with  or  without  exopodites,  one,  two,  or  three  of  the  ante- 
rior paiis  modified  as  maxillipeds 2j 
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3^  (38)  Carapace  coalesced  dorsally  with  not  more  than  three  of  the  thoradc 
somites.  Thoracic  limbs  with  natatory  exi^xxlites,  first 
pair  modified  as  maxillipeds.  Pleopods  more  or  less  re- 
duced and  greatly  different  in  the  two  seses.  Eggs  carried 
in  a  brood  pouch  at  the  base  of  the  thoracic  legs. 

Order  HTaidaCM. 
Tiaa  order  fonna  part  oF  the  old  lUvislon  Scbiiopoda.    Tfae  MysIdacM  live  chiefly  in  nit 
iratrr.    The  systen)  of  this  oniup  needs  a  thorough  rsviiloii,  and  oo  satisfactory  diviaoQ  into 
larger  grouia  Qamilies)  bai  Bees  puUbhed. 

Only  species  in  North  America.  .   .   .    MyHs  relkta  Lov£n  i86a. 


U^i  rditu,  Lovta.     X  >.    (AFtir  Smtth 


Very  few  Myildaces  are  known  from  the  fresh  water,  and  the  present  la  Identical  with  a 
mdes  living  in  lakes  in  northern  Europe  (Ireland,  Scandinavia,  Riuiia}.  It  is  found,  In 
North  Amenca,  under  siEnilar  condidoos,  b  the  lakes  Superior  and  Michigan,  down  to  a 

'xinaiderable  depth  (iso  fathoms). 

In  Europe,  this  form  bas  been  much  discussed,  and,  as  the  name  indicates,  was  sumosed  to 
point  to  a  fomier  conneclion  between  the  sea  and  the  lakes  in  which  it  Uvea.  It  was  believed 
that  these  lakes  were  cut  off  Irom  the  sea.  and  became  fresh-waler  lakes,  but  retained  part  of  the 
original  marine  fauoa  adapted  (0  the  fresh-water  conditions:  these  animals  were  calloi "  marine 
relics,"  aud  Uyaii  rdicia  was  taken  for  one  of  the  most  piooiinent  examples  oi  this  kind.  How- 
ever, this  theory  has  been  grtatly  shaken  recently,  and,  as  (ar  as  it  concerns  the  North  American 
Stock  of  Uytit  relicta,  there  is  no  reason  to  assume  that  it  is  a  marine  relic,  but  we  are  to  regard 
'nto  the  Great  Lakes  in  gladal  times  (as  Lysvumta). 


8  (27)  Carapace  coalesced  dorsally  with  all  of  the  thoracic  somites.  Tho- 
racic limbs  rarely  with  exopodites,  the  first  three  pairs  modi- 
fied as  maxiUipeds,  Pleopods  not  much  reduced,  and  not 
very  different  in  the  two  sexes,  except  the  anterior  ones. 
Eggs  carried  under  the  abdomen,  attached  to  the  pleopods. 
Order  Decapoda  .   .     39 


39  (34}  Body  and  rostrum  compresssed.  Pleura  of  second  abdominal 
somite  overlapping  those  in  front.  First  two  pairs  of  perae- 
opods  chelate.  Anterior  pleopods  of  the  male  not  trans- 
formed into  copulating  organs 30 
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30(31)     Chelae  of  peraeopods  weak,  subequal,  fingers  with  terminal  hair- 
tufts Family  Atyidae. 

Only  species  in  North  America.   .    .    Palaemonias  ganteri  Hay  1903. 

A  typical  and  char- 
acteristic fiesh-iretcr 
group,  abimdact  in  the 
tropics,  but  certain 
forms  are  found  in  tem- 
perate  regions,  and 
their  distribution  is 
quite  peculiar,  thqr 
beins  found  at  rather 
isolated  localities,  re- 
mote from  each  other. 
This  discontinuity  is  a 
mark  of  antiquity  of 
the  ^up.  One  of 
these  isolated  forma  is 
found  in  North  Amer- 
ica, Palaeimmiat  tanUri 
-est  place  where  related 


,    Palainumio] tanliriBay. 


31  {30)  Chelae  of  peraeopods  inequal,  the  second  pair  larger,  often  much 
larger,  than  the  first,  and  very  strong.  Fingers  without 
teiminal  tiair-tufts.  .   .   .    Family  Palaeicohidae  .   .     33 


33  (33)  Mandible  without  palpus.  Second  pair  of  peraeopods  only  slightly 
larger  than  the  first,  both  of  them  rather  weak.  Size  of 
body  medium Patoemoneles  Heller. 

Contains  a  number  of  spedet 
which  live  in  salt  and  bracki^ 
water.  One  of  them  iP.  tuliorit 
Say)  is  fouod  alons  our  Atlan- 
tic coast.  Other  spedes  iiave 
become  true  fresh-water  forms: 
Two  have  been  described  from 
the  United  Sutes:  P.  paiitdeta 
Gihlxs  and  P.  exSipts  Stimp- 
son,  both  from  Carolina,  but  thw 
are  supposed  to  be  identical. 
River,  and  in  Lake  Erie. 


This  form  has  also  been  found  in  Florida, 


33  (32)    Mandible  with  palpus.    Second  pair  of  peraeopods,  in  the  male, 

excessively  developed,  very  long  (often  longer  than  the 

whole  body),  with  strong  chelae.    Size  of  body  considerable. 

Palaemon  Fabridus. 


which  is  found  in  the  Mi 

more  is  known  about  this  l 

eveo  a  figure  of  it  has  tieen  pubUshed.) 


ippi  and  lower  Ohio  Rivers  (up  t 


id  that  it  is  h>c^ 


tkionii  Smith, 

Canndton,   Ind.).     Little 

"    used  IS  food.    (Not 
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34  (39}  Body  subcylindrical  iti  its  anterior  part,  abdomen  depressed.  Ros- 
trum depressed.  Pleura  of  secaad  abdominal  segment  not 
overlapping  those  in  front.  First  tliree  pairs  of  peraeopods 
chelate,  the  first  pair  much  larger  than  the  others. 

Family  Potamobiidae  .    .     35 

An  Mcliiave  freah-water  family  of  old  age,  and  the  moat  important  group  of  higher  cnuta- 
ceans  in  the  fresh  waters  of  North  America,  Its  general  distribution  includes  Europe,  nortli- 
eastcm  Asia,  North  aod  Central  America.  In  the  United  States  two  genera  are  found:  one. 
containing  a  few  spedes.  is  believed  to  be  identical  with  the  European  genus  IPaUimrbiiiiy,  tbe 
other  {Camtarus)  is  restricted  to  America,  and  has  very  many  species.  The  i^erences  of 
these  genera  are  found  chiefly  in  the  sexual  ap[>aTatus. 

In  the  southern  hemisphere,  in  AuatraJin,  New  Zealand,  South  America,  and  Madagascar 
this  family  is  represented  by  an  allied  one.  Parastaddae  while  in  Che  Cropital  belt  similar 
forms  are  missing.  This  peculiar  distributioD  has  given  origin  Co  much  speculation,  and 
chiefly  Che  dose  affinity  of  the  aouthem  (omu  has  been  iotroduced  as  evidence  (or  the  former 
conaectioD  of  the  southern  continents. 

Through  Huxley's  book  (iSSo)  this  family  has  become  ■  standard  group  for  biological  study. 


35  C36)  Male  copulatory  organs  rather  simple.  Peraeopods  of  male  without 
hooks  on  the  ischiopodite.  Female  without  receptactdum 
seminis.  A  pleurobranchia  present  on  the  last  thoracic 
somite Potamobius  Leach. 

This  is  the  genus  which  indudes  the  Euro- 
pean crayfisbra.  frequently,  but  [ncorrectly, 
called  Atlacus.  It  possesses  &ve  spedes  in 
North  America,  the  range  of  which  is  on  the 
western  Padfic  slope,  from  California  to 
British  Columbia.  One  spedes  (P.  gambdi 
Girard).  has  crossed  the  continentaJ  divide 
in  the  region  of  Yellowstone  Park,  and  is 
found  on  both  sides  in  the  drainages  of  the 
upper   Columbia   River   and  of   the   upper 

The  European  spedes  (about  six)  have 
fre<]ucntly  been  subjects  of  systematic,  ana- 
tomical, biological,  and  cmbryological 
sludtcs.  The  hest  known  spedes  is  the 
common  craylish  of  Central  Europe.  Polo- 
moh'iu  aslaaa  (Liaoaeus). 


PsUmalri*!  tnmMdiii  Stlmptod. 
X).    lAdaHtgen.) 


A  spedes  found  abundantly  in  the  drain- 
age of  the  lower  Columbia  River  in  Wash- 
ington   and    Oregon,   and    of  coosiderabia 
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36  (35)  Male  copulatory  organs  more  or  less  complex.  Some  peraeopods  of 
the  male  with  hooks  on  the  ischiopodite.  Female  with 
receptaculum  seminis  (annulus  ventralis)  upon  the  sternum 
of  the  thorax.    No  pleurobrancbiae  present. 

Cambcrus  Ericbson  .  .  37 
Rotricted  to  North  America  cant  of  the 
Rocky  Moimtaios,  Meiioo,  Guatemala, 
and  Cuba.  It  cootuns  between  seventy 
and  eighty  spedes.  which  fall  into  sii  sul> 
senera,  four  of  which  are  represented  in 
the  United  Stales. 

The  geographical  distribution  of  the 
spedcs  of  Ca«iariu  ia  veiy  interesting, 
and  apt  to  furnish  evidence  Cor  the  geo- 
logiaJ  changes  of  our  river-systems.  This 
genus  is  also  eminently  fit  fot  ecological 

studies  on  account  of  th  

of  the    habit-preference 

Besides  the  four  sut«ama  treated  here, 
two  others  have  been  distinguished  iPara- 
cambarut  and  Prntambanu),  but  tbey  do 
not  possess  representatives  in  the  Ui^ted 
Sutes. 


The  most  common  spedes  in  the  eastern 
United  States,  found  in  small  streams  of 
the  Appalachian  chain  from  Toinessee 
and  the  Carolioas  to  Maine  and  New 
Brunswick, 

37  (44)     Sexual  organs  of  male  with  more  than  two  tips 38 

38  (43)    Third,  or  third  and  fourth,  peraeopods  of  the  male  with  hooks  on  the 

ischiopoilite.    Sexual  organs  of  male  blunt  or  truncated, 
with  one  soft  tip,  and  several  short,  homy  teeth. 

Subgenus  Cambarus  Ortmann  .    .     39 
Distribution:  Chiedy  southern  and  southwestern  in  the  United  States. 

39  (41)     Male  with  hooks  on  third  peraeopods 40 

40  (41)    Areola  narrow.     Chelae  elongated. 

Section  of  Cambanu  simuians  Faxon  1884. 

The  artxia  a  the  posterior,  mediaa  donsi  pun  a(  the  anpice,  included  betwHii  Ihe  Una  which 
bouod  the  latcnJ  tbiuicfaialj  regioDi.    The  areola  is  "  obliterated,"  when  tboc  lioca  come  Loto  contact. 

Two  Species  in  the  southwestern  United  States  and  Mexico. 

41  (40)     Areola  obliterated  in  the  middle.     Chelae  short  and  broad. 

Section  of  Cambarus  gracilis  Bundy  1876. 
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43  (39)     Male  with  hooks  on  the  third  and  fourth  peraeopods.    Chelae  elon- 
gated.   .   .   .     Section  of  Camlxirus  blandingi  Harlan  1830. 


About  seventeen  ipedes.  folliiig  into  four  Broupo,  diatributed  ova  the  Atluitic 
And  GuJf  coutal  plain»  and  punng  up  the  Miuiuippi  valley  into  tlie  iateriDt  baaia. 
C.  blandinfi  (Harlan)  is  the  type  spedes  oC  this  group  and  of  the  whole  genus.  Its 
distribution  cover*  practically  all  of  the  range  of  the  section.  The  other  ipecics  are 
"e  local,  and  some  of  them  ate  probably  mere  local  racca.     The  bHad  ^ledei, 


C.adm 


Florida,  belongs  here. 


Spedes  oi  lake^  ponds,  at  sluggish  tivers,  avoiding  strong  cui 
.    Coatonu  (Camttmi)  Haaiitl  HuUn.    CopuUtoiy  <x 


«  less  differenl,  and 


43  (38)     Second  and  third  peraeopoda  of  the  male  with  hooks  on  the  iscJiiopo- 
dite.     Sexual  organs  of  male  with  one  soft,  and  two  homy, 
d  points Subgenus  CantbareUus  Orttoann. 


Only  one  spedes  is  found  in  the  United  States:  C.  ikuSddU  Faxon,  from  LotiU- 
ana;  a  few  more  spedes  are  known  from  MeiJCD. 

This  spedes  appears  to  be  geographically  isolated  from  its  related  forms  (in 
Meiioo). 


:]t6.    Cambanu  (Comtordliu)  Sku/MU  Fan 


Copolatoiy  orsan  of  mala.     X  4- 


44(37}    Setualorgansof  male  with  two  tips,  one  soft,  the  Other  homy.  .   .    45 

45  (50)  Sexual  organs  rather  slender,  the  terminal  tips  more  or  less  elongated, 
straight  or  gently  curved.  Ischiopodite  of  third  peraeoi>ods 
of  male  with  hooks,  rarely  also  that  of  fourth. 

Subgenus  Faxoniits  Ortmaon  .    .     46 
(Misssippi  and  Ohio, 


and  theii  tributaries).    Very  f< 


'c  reached  the  Atlantic  drainage  system. 


46  (47)     Sexual  organs  of  male  with  the  tips  free  only  for  a  short  distance. 

Hooks  OQ  third,  or  on  thii^  and  fourth,  peraeopods. 

Section  oE  Cambarus  limosus  Rafinesque  1817. 
Five  spedes,  of  which  C.  Hmanu  (Rafinesque)  (very  generally  called  C.  affinis  Say.  which 
name,  however,  U  a  gynoaym)  is  the  best  known:  it  is  found  on  the  Atlantic  side  of  the  AJIe- 
gheniei  in  rivers,  ponds,  canals,  from  New  York  and  FeaDsylvinia  to  Virginia.  The  allied 
spedes  aie  lound  at  a  great  distance  from  this,  in  Kentucky,  Lidiana,  and  Missouri,  and  amnog 
them  is  the  blind  cave-species  C.  ptUucidui  (TelUuunpf). 

47  (46)     Sexual  organs  of  male  with  the  free  tips  longer.    Hooks  on  third 

peraeopods  only 48 
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48  (49)    Tips  of  sexual  organs  lather  straight. 

Section  of  Cambanu  propinqims  Girard  1853. 

About  (en  tpedca  bdoog  hen.  but  some  of  them  are  mere  loml  raca.  The 
most  impntaDt  onea  an  C.  prcpiivpuu  Girard,  and  C.  rtatiau  Ginrd,  both  found 
in  the  kiger  and  iniBllcr  riven  of  the  interior  basin.  The  other  fonm  alio  belong 
to  thew  river  systems,  but  extend  also  into  the  Unrer  Miiaissiixii  dnuutte,  to  the 
Atlantic  side  in  Geoigi^  and  South  Carolina,  and  to  the  Great  Lakes  and  the  St. 
Lawrence  system. 

Flo.  1317.    Cuiiviu  UrunJu] 


49  (48)     Tips  of  sexual  organs  gently,  but  distinctly,  curved. 

Section  of  Cambarus  vifUii  H^;en  1870. 

Tirelve  ipedes  are  known,  but  again  some  may  be  only  local  forms.    C.  nrijii  Hagen  pos- 

tema  a  wide  ran^e  in  [he  riven  of  the  cential  basin  from  Arkansas  and  Kansas  to  Canada. 

A  very  abundant  spedes  is  C  iaummit  Hagen,  which  prefers  stssnant,  often  temporary,  pools 

of  the  western  prairies.    The  other  spedes  are  found  chiefly  in  the  lower  Miisiiiippi  draiaags 

50  (45)     Sexual  organs  rather  stout,  terminal  tips  rather  short,  strongly  re- 

curved.   Ischi<q>odite  of  third  peraeopods  of  male  with 

hooka Subgenus  Borfimifu  Ortmann  .   .     51 

Distribution;  Chiefly  in  and  near  the  Appalachian  Mountains,  but  aome  spcdea  on  the 
coastal  plain  and  the  western  [jatean. 

51(53)    Eyes  rudimentary.    Chelae  subelonga ted.    Carapace  subcj^drical. 
Section  of  Cambants  hamidaitts  Cope  and  Packard  r88i. 
Three  cave  tptdtt  belong  here  (see  p.  8jt). 

52  (st)    Eyespresent.    Chelae  subovate.   Carapace  more  or  leas  ovate.  .     53 

53  (54)     Rostnun  with  marginal  spines. 

Section  of  Cambants  exiranetu  Hagen  1870. 
Three  q>edes,  rather  load  In  Kentudiy,  Tennessee,  Nnthem  Alabama,  and  Northen 


54  (53)    Rostrum  without  marginal  spines 55 

55  (56)    Areola  wide,  or  a  little  narrower. 
Section  of  Cambarus  barUmi  Fabridus  1798. 


n  less  well  defined  local 
Fio.  ijlS.    CMlonu  (BartflWw)  torfiHilFibrlclus.    Copulitory  iHiiui  oi  male,     X  4- 
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S6  (ss)    Areola  very  narrow,  linear,  or  entirely  obliterated. 

Section  of  Cambarus  diogenes  Girard  1852. 

Five  apedcs,  >ll  burrowing  forms  and  dunmey  builders.  Some  (tlic  more  priinitive  (onns) 
are  (ouod  in  the  Appalachian  MounUiaa  and  upon  the  Allegheny  and  Cumberland  Plateau; 
others  have  descended  (a  the  Atlantic  maatal  puun,  and  have  siiead  aver  the  interior  baan> 
and  westward  to  the  Rocky  Mountains,  ao,  for  instance,  C.  diegaus  Girard.  Again  other 
spedes  aie  focal  f  Dims  of  the  lowlands. 
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CRUSTACEA 
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CHAPTER  XXVI 
THE   WATER-MITES  (HYDRACARINA) 

By  ROBERT  H.  WOLCOIT 

Fnlaitr  tj  Zoolaty  In  Ilk  OmmiUy  tl  KitraiU 

CoNSFicnons  among  aquatic  organisms  on  account  of  their 
activity  and  the  brilliance  of  their  coloring  are  the  watepmites, 
forming  the  group  Hydracarina.  These  attractive  little  creatures  ' 
may  be  met  with  in  water  almost  anywhere,  but  being  carnivorous 
and  thus  dependent  on  the  presence  of  much  animal  life,  and  hav- 
ing a  life-time  extending  over  a  number  of  months,  they  are  found 
regularly  and  in  abundance  only  in  pools  which  are  moderate  in 
d^th,  permanent  in  character,  and  which  possess  a  considerable 
plant  growth.  There  in  the  vegetation  of  the  bottom  and  the  shore 
they  Uve,  clambering  about  over  the  surface  of  the  plants,  swim- 
ming across  from  one  stem  or  leaf  to  another,  and  feeding  on 
Crustacea,  insect  larvae  or  other  animals  which  they  may  be  able 
to  overpower  and  capture.  A  few  spedes  are  pelagic,  spending 
most  of  their  time  in  the  open  water  of  the  lake  or  pond,  while 
other  forms,  as  TyrreUia,  are  found  wandering  over  the  moss  and 
debris  which  accumulates  along  a  swampy  portion  of  the  shore. 
Feltria  is  a  genus  containing  small  forms  that  are  found  only  in  the 
mountain  streams  of  Europe;  yet  in  general  water-mites  are  not 
abundant  in  Sowing  streams  except  in  sheltered  places  where  there 
b  a  growth  of  vegetation  which  protects  them  from  the  rapid  cur- 
rent. Two  genera  are  parasitic  in  fresh-water  mussels,  and  the 
larvae  and  pupae  of  others  attach  themselves  to  aquatic  insects  or 
other  animals.  Most  of  them  are  fresh-water  forms,  but  a  very 
few  have  been  described  which  are  marine  and  a  few  others  have 
accustomed  themselves  in  certain  localities  to  life  in  brackish  water. 

Hydrachnids  are  generally  distributed  over  the  world  but  seem 
to  reach  the  greatest  abundance  in  the  clear,  cool  waters  of  the 
spring-fed  lakes  and  pools,  rich  in  plant  life,  which  are  so  charac- 
teristic of  all  temperate  latitudes,  and  which  dot  our  northern  states 
8si 


.dbyCoogIc 


853  FRESH-WATER  BIOLOGY 

and  Canada.  An  interesting  occurrence  was  the  finding  of  a  q>e- 
des  of  Lehertia,  a  genus  usually  found  in  a^ine  and  more  northern 
waters,  in  a  ^ring  at  Omaha,  Nebraska,  the  only  record  of  the 
genus  in  a  state  where  bodies  of  water  of  that  character  are  ahnost 
lacking.  At  present  about  seventy  genera  are  known,  containing 
several  hundred  described  species,  the  number  of  which  is  fast 
increasing. 

The  water-mites  are  found  at  all  seasons  of  the  year,  even 
under  the  ice  in  winter.  Certain  ones,  especially  of  the  red  mites, 
are  abundant  in  pools  in  early  spring,  but  the  greatest  number  of 
■  qtedes  appear  as  adults  during  the  latter  part  of  the  summer  or  in 
the  fall.  They  are  small  forms  usually  from  i  to  3  millimeters 
long,  rarely  exceeding  a  length  of  5  millimeters,  but  on  the  other 
band,  in  the  adult  condition,  rarely  measuring  less  than  half  a 
millimeter. 

The  color  varies  greatly,  but  is  most  frequently  either  some  shade 
of  red  or  green;  the  same  species  may  at  the  same  locality  and  at 
the  same  time  be  both  red  and  different  shades  of  green  or  bluish 
green.  The  color  is  partly  due  to  pigment  deposited  in  the  epidermal 
cells,  but  from  above  or  beneath  blackish,  brownish  or  greenish 
^x)ts  are  seen,  which  vary  in  size  and  intensity  and  are  due  to  the 
stomach  and  its  blind  diverticula  seen  through  other  more  superfi- 
cial structures.  A  whitish,  yellowish,  or  reddish  Y-slu^>ed  dorsal 
mark,  01  markings  of  various  form  seen  on  the  dorsal,  lateral,  or 
posterior  surfaces,  are  due  to  the  presence  of  excretory  matter  in 
the  so-called  Malpighian  vessels,  and  thus  are  very  variable  in 
number  and  extent.  Hence  while  color  is  a  clue  to  identification 
which  may  be  of  service  to  the  experienced  observer,  it  cannot  be 
relied  upon,  and  is  of  little  or  no  value  in  the  discrimination  of 
species. 

As  seen  in  the  water  the  hydrachuids  appear  at  first  glance  like 
small  water  spiders,  possessing,  as  they  do,  four  pairs  of  legs  and  9- 
pair  of  palpi  corresponding  to  the  pedipalps  of  spiders.  But  they 
can  at  once  be  referred  to  the  mites  when  it  is  noted  that  there  is 
no  trace  of  segmentation  or  of  division  of  the  body  into  regions. 

The  body  is  compact  and  usually  more  or  less  globular,  ellip- 
Boidal,  or  ovoidal,  though  in  some  cases  compressed  dorso-ventrally 
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or  laterally,  and  in  the  males  of  certain  species  of  Arrkenurus  pro- 
longed posteriorly  into  a  curious  handle-like  appendage.  The  form 
is  more  definite  in  the  higher  forms  than  in  those  which  seem  most 
primitive.  The  skin  in  some  forms  is  soft  and  the  surface  smooth, 
but  more  usuallyit  is  marked  by  fine  striae  like  the  lines  on  the 
palm  of  the  hand,  and  in  the  lower  forms  it  is  often  granulated  or 
papillated.  Other  species  possess  chitinous  plates,  which  may  be 
few  and  small  or  larger  and  more  numerous,  and  may  even  com- 
pletely-enclose  the  body  in  a  sort  of  armor.  These  chitinous  plates 
do  not  seem  to  mark  either  higher  or  lower  types  and  occur  in 
different  families.  Glands  occur  here  and  there  on  the  surface,  and 
also  hairs  and  bristles,  which  are  frequently  accompanied  by  small 
pieces  of  chitin. 

There  is  usually  a  pair  of  eyes,  but  each  can  be  seen  on  close 
examination  to  be  double,  and.in  some  cases  the  two  of  each  side 
are  separate.  They  are  of  only  moderate  size,  but  prominent, 
owing  to  the  presence  of  dark  pigment.  There  may  be  a^so,  in 
some  of  the  lower  forms,  a  "fifth" 
or  median  eye,  in  the  median  line 
between  the  others. 

The  four  pairs  of  legs  are  artic- 
ulated to  an  equal  number  of 
coxal  plates,  or  epimera.  These  are 
frequently  more  or  less  fused,  may 
even  form  a  ^gle  large  plate  cover- 
ing the  whole  ventral  surface,  and 
may  also  extend  up  on  the  sides  so 
as  nearly  to  enclose  the  body,  as  in 
PronUpoda.  Sometimes  the  body  is 
constricted  above  this  plate,  giving 
to  the  animal  in  lateral  view  the 

appearance  of  a  broad-crowned  cap     ^^  _^,^   w-«™i«i,rt(Pi»fc^. 
or  flat-based  knob,  the  legs  springing        ^SS^i'S^'-^pIS?  ^STt 
from  the  upper  side  of  the  projecting        gjit'SJSST'  "ofcdiM  taJ^ 
epimeral  plate.     The  legs  are  each        ^^' 
composed  of  six  segments,  and  vary  greatly  in  length,  in  the 
fonn  of  individual  segments,  and  in  the  character  of  the  spines, 
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bristles  and  hairs  which  they  bear.  They  are  usually  terminated  by 
two  movable  claws,  but  there  may  be  only  one,  or  rarely  the  leg  may 
end  in  a  spine  or  bristle.  The  more  active  and  the  pelagic  forms 
have  longer  legs  with  fewer  and  longer  spines  and  bristles,  the  less 
active  shorter,  stouter  legs  with  more  thickly  set  and  shorter  bristles. 
In  some  cases  a  number  of  long  hairs  in  a  close-set  row  on  the  outer 
segments  of  the  leg  seem  to  aid  in  swimming  and  so  are  called  swim- 
ming-hairs; while  in  other  cases  curiously  modified  leg  segments 
and  spines  characterize  the  male  and  serve  as  accessory  organs  in 
pairing  (Fig.  1319). 

The  genital  opening  is  ^tuated  behind  or  between  the  epimera 
and  is  usually  fianked  by  plates  which  bear  characteristic  cup-like 
or  knob-like  structures  known  as  acetabida,  the  exact  nature  and 
function  of  which  is  unknown.  There  may  be  in  addition  movable 
flaps,  which  may  or  may  not  cover  the  acetabula,  and  in  some  cases 
such  flaps,  by  fusion  with  the  genital  plates,  seem  to  have  beamie 
immovable. 

Between  the  anterior  epimera  is  a  plate,  which  has  been  termed, 
from  its  form,  the  maxillary  shield,  and  which  is  the  ventral  side  of 
a  chitinous  box  called  the  camerostom,  which  encloses  the  mouth- 
parts.  To  this  are  articulated  the  five-jointed  palpi;  at  its  anterior 
end  is  the  mouth-opening,  through  which  project  the  stiletto-Uke 
or  sabre-like  mandibles;  and  on  its  dorsal  surface  are  the  two 
stigmata,  leading  by  air-tubes  into  two  air-sacs  placed  above  the 
pharynx,  from  which  a  system  of  tracheal  tubes  runs  through- 
out the  body.  In  the  forms  parasitic  on  the  fresh-water  mussels 
these  tubes  are  lacking.  The  maxillary  shield  is  frequently  pro- 
longed posteriorly  into  a  kind  of  ancoral  process,  and  the  anterior 
•  ventral  angle  of  the  camerostom  may  be  produced  into  a  sort  of 
rostrum.    All  these  structures  together  are  termed  the  capitulimi. 

The  sexes  are  separate,  sexual  dimorphism  being  a  common  phe- 
nomenon, and  all  species  lay  eggs.  These  may,  rarely,  be  laid  free 
in  the  water,  but  are  more  usually  deposited  singly  or  in  mass, 
surroimded  by  a  gelatinous  envelope,  on  water  plants  or  other 
submerged  objects.  The  embryo  undergoes  considerable  develop- 
ment before  escaping  from  the  egg  membranes,  at  which  time  it 
becomes  an  active  six-legged  larva  (Fig.  1320).    This  larva  after  a 
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short  free  existeace  becomes  a  parasite  either  on  an  aquatic  insect 
which  remains  habitually  in  the  water  or  on  one  which  leaves  the 
water  and  becomes  aerial.  Other  species  place  the  eggs  singly  in 
the  tissues  of  fresh  water  mussels,  or  in  masses  between  the  gills. 


t  i 

FM.  1310.    Vuioit  tyHs  a(  hydnctmld  luvu  (euh  Gcun  ibowliK  tha  len  of  one  itds  odbr). 
tiTHfladniliu:  i,  BypaiaUt;  e,  Arrkaarui;  d,  Byiraelma.    (Modi£ed>ain  Fiail(,) 

Imd  Still  Others  in  the  substance  of  fresh-water  sponges  or  in  the 
gelatinous  matrix  of  a  a>lonial  protozoan.  In  these  cases  the  larva 
does  not  become  free  but  remains  in  the  body  of  the  mollusk  or 
other  animal  in  which  the  eggs  were  laid.    During  this  parasitic 


.dbyCoogIc 


8s6  FRESH-WATER  BIOLOGY 

existence  the  larval  appendages  drop  off  and  the  animal  takes  on 
the  character  of  a  pupa,  which  increases  greatly  in  size,  drawing 
nourishment  from  its  host,  and  beneath  the  skin  of  which  new 
appendages  are  gradually  developed.  From  this  quiescent  pupa 
emerges  an  active,  eight-footed  nymph  (Fig.  1321)  possessing  legs 
and  pa^  frequently  quite  similar  to  those  of  the  adult,  but  with 
smaller  epimera  and  with  a  genital  field  Uuiiiig  the  structures  which 


.    FlgnnaihowbigtheTnitnlsufui 


n.  1331.    FIgnni 

ncwdiiic  HcO'j    a,  Arrhtt 
(Mftdifiaf  iT«n  Pienig.J 


K  bodyof  tbenydipfaiof  KTcnlnDomot  WL 

Dd  HDL  sbowa  here;  compare  wil£  figum  of  ulults  <m 
1;  c,  Sptrdun;  d,  H^gmiauii  ;  Pima;  /,  LtirrUa. 


distinguish  the  adult.  During  this  nymph  stage  the  mite  is  not 
usually  parasitic  except  in  the  case  of  the  mussel  parasites.  How- 
ever, Unionicola  crassipes  has  been  found  by  Soar,  in  all  stages,  in 
the  fresh-water  sponge,  and  the  author  has  taken  the  differ  nt  de- 
velopmental stages  of  a  spedes  of  Fiona  in  the  gelatinous  matrix 
of  a  colonial  protozoan.  Another  moult  must  occur  before  the 
mite  becomes  adult,  but  this  is  passed  through  rapidly  and  in  the 
forms  in  which  the  nymph  is  free  frequently  occurs  while  the  animal 
is  dingii^  to  aquatic  plants.    This  moult  may  or  may  not  be  ac- 
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companied  by  the  loss  of  the  aymphal  appendages  and  the  develop- 
ment of  a  new  set,  and  the  skin  may  be  cast  all  at  once  or  in  several 
portions.  Instances  have  been  described  in  which  the  nymph  was 
.  produced  directly  from  the  egg  in  the  egg-mass. 

These  water-mites,  like  most  aquatic  animals,  spend  much  of 
their  time  in  active  motion,  swimming  with  comparative  rapidity 
through  the  open  water  or  more  slowly  walking  over  the  bottom  or 
climbing  about  on  plants  or  other  objects.  At  times  they  stop 
and  remain  stationary,  clinging  to  whatever  object  they  may  rest 
upon,  but  a  touch  from  another  animal  sends  them  whirling  on 
again  with  rapid  leg  movements.  When  prey  is  secured  they  stop 
to  suck  the  juices  from  the  body  of  tbe  victim,  casting  aside  the 
carcass  when  it  has  been  drained.  Aside  from  the  sense  of  touch, 
which  seems  quite  acute,  the  senses  are  poorly  developed,  or  at 
least  a[^>ear  to  be  little  used.  They  rardy  feign  death,  but  almost 
invariably  attempt  to  escape  a  threatened  danger  by  rapid  fli^t. 
The  less  uniform  rate  of  motion  they  exhibit  is  of  aid  in  distin- 
guishing them  from  other  forms,  especially  ostracods,  with  which 
they  may  be  confused,  llie  leg  movement  also  aids  in  tlieir  dis- 
crimination. 

Attractive  as  the  hydraclmids  are  to  the  student  of  fresh-water 
life  and  to  the  biologist,  they  are  of  economic  importance  only  as 
they  afFord  an  element  in  the  food  of  fishes.  Examinations  of  the 
contents  of  fish  stomachs  frequentiy  show  that  they  have  been 
eaten,  and  their  abimdance  at  times  would  seem  to  indicate  that 
under  such  drcumstauces  they  might  make  up  no  incon^derable 
portion  of  the  food.  But  they  seem  to  go  to  pieces  very,  quickly 
and  so  are  rarely  reported  in  any  numbers  in  the  results  of  exami- 
nations of  such  stomach  contents. 

In  collecting  these  little  iellows  one  needs  a  net,  a  number  of 
wide-mouthed  botties  or  jars,  a  pipette,  and,  in  case  he  is  not  to 
examine  his  collections  within  a  few  hours,  a  bottie  of  formalin. 

The  most  serviceable  net  is  the  "cone"  or  "Birge"  net  (see 
■page  68).  The  net  may  be  used  from  boat  or  shore  and  the  mate- 
rial, after  being  run  into  a  wide-mouthed  bottle  or  jar,  be  |we- 
served  in  tola  at  once  by  adding  directly  a  little  strong  formalin 
and  shaking  thoroughly,  or  it  may  be  carried  home  in  the  fresh 
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State.  Frequently  mites  may  be  collected  along  shore  by  the  use  of 
the  pipette,  being  picked  up  individually  as  they  swim  about 
in  sight. 

The  material,  if  preserved  in  formalin,  may  be  put  aside  for  future 
examination.  If  not,  it  should  be  poured  soon  into  a  flat  dish, 
from  which  the  mites  may  be  picked  out  by  means  of  a  pipette. 
The  dish  should  be  looked  over  several  times,  as  some  tend  to  hide 
in  the  d£bris  at  the  bottom,  and  stirring  after  the  material  has  once 
settled  often  reveals  hidden  specimens. 

Five  per  cent  formalin,  into  which  they  may  be  put  directly,  is 
likely  to  make  them  brittle,  and  the  catch  is  better  preserved  in  a 
mixture  of  glycerine,  2  parts  by  volume;  pure  water,  3  parts  by  vol- 
ume; 3  per  cent  acetic  acid,  2  parts  by  voliune;  absolute  alcohol, 
I  part  by  volume. 

If  the  mites  are  to  be  kept  alive  for  observation  their  cannibal* 
istic  instincts  make  it  necessary  that  difierent  genera  be  segregated 
and  kept  in  separate  dishes,  with  a  small  amoimt  of  some  water 
plant  and  a  few  Crustacea  or  non-predatory  insect  larvae  as  food. 
Crowding  should  be  guarded  against. 

The  activity  of  water-mites  makes  them  difficult  objects  to  study 
alive,  but  by  the  cautious  addition  of  water  saturated  with  chloro- 
form vapor  they  may  be  narcotized,  and,  after  being  examined,  will 
a>me  out  from  under  the  influence  of  fhe  chloroform  apparently 
uninjured.  The  author  has  subjected  specimens  to  this  treatment 
on  several  successive  occasions  without  evident  harm. 

In  the  study  of  specimens  it  is  necessary  to  make  use  of  slide 
moimts.  The  mouth-parts  may  be  dissected  and  mounted  sepa- 
rately upon  slides,  and  the  palpi  and  legs  may  also  be  removed  and 
mounted.  If  the  specimens  have  been  kept  in  a  solution  contain- 
ing some  glycerine  an  opening  may  be  made  in  the  body-wall 
through  which  the  contents  of  the  body  can  be  pressed  out,  and  in 
that  way  transparent  mounts  of  the  complete  individual  secured. 
The  thickness  of  the  body  makes  it  difficult  to  secure  a  transparent 
mount  from  material  preserved  in  alcohol  or  formalin  mixtures, 
but  the  specimens  may  be  successfully  softened  in  some  cases  by  a 
weak  potash  solution  or  else  must  be  moimted  as  opaque  objects. 

In  the  identification  of  water-mites  care  must  be  used,  as  the 
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general  resemblance  between  them  is  close.  But  the  characters 
also  seem  to  be  very  constant  and  few  spedes  are  subject  to  marked 
variation.  The  accompanying  synopsis  will  aid  in  placing  speci- 
mens in  the  proper  genus.  The  statements  as  to  the  numbers  of 
^cies  refer  to  North  America  only. 

The  legs  and  the  corresponding  epimera  are  designated  by  Roman 
numerals,  beginning  with  the  most  anterior,  and  the  palpal  and  leg 
segments  are  referred  to  by  Arabic  numerals,  numbering  from  the 
base  outward.  Thus,  ep.  Ill  is  the  third  epimeron,  leg  seg.  IV  4, 
the  fourth  segment  of  the  fourth  leg,  and  pal.  seg.  5  the  distal 
segment  of  the  palpus.  In  most  illustrations  are  ^own  the  ven- 
tral surface,  only  the  legs  of  one  side,  and  the  palpus,  detached  and 
more  highly  magnified;  these  are  the  characters  most  important 
and  most  readily  observed. 

The  arrangement  of  genera  and  higher  groups  here  used  is  the 
same  as  adopted  in  a  previous  paper  (Wolcott,  05) .  It  is  not  in 
all  respects  satisfactory,  but  such  a  difference  of  opinion  exists 
among  students  of  the  group  in  this  regard  that  the  author  is  not 
willing  to  accept  any  other  system  since  proposed  without  himself 
working  the  whole  matter  over  again. 

KEY  TO  NORTH  AMERICAN  FRESH-WATER  HYDRACARINA 

1  (6)    Lateral  eyes  of  the  two  sides  close  together  in  the  median  line  and 

borne  on  a  conunon  eye-plate a 

2  (s)    Pal.  atg.  5  deeply  set  into  4,  eye-plate  long  and  narrow. 

Family  Ldinochaiudae  .    .     3 
3(4)    Without  swimming-hails Limnochares  LatitHUe  ijg6. 


A  veiy  large  clumt^  led  miU  with 
•oft  body,  wiable  la  form  but  in 
genenl  rectangultr,  found  in  pools  in 
Bog*  and  swunpt.  Leii^3.s-4  mm. 
One  qwdes,  ^oicnllv  distrUiuted  and 


.    Ummcclurti  ajuMiaa  CUn- 
«.  ri(ht  palpui.  X  as-   (Hod- 


4  (3)    With  swiimning-hairs Cydoikrix  Wolcott  1905. 

Abo  red,  but  oval  and  more  constant  in  (onn  and  recogniwd  at  once  by  the  smmming-hiirt. 
One  H>ede9  found  aho  in  ponds  and  lakes  with  boggy  or  iwamjv  shores  and  known  from 
•evenlnoitheniatUe&    Swnewhat  snallec  than  preceding  genua. 
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5  (a)     FaL  aeg.  5  free,  eye-plate  broad,  consisting  of  two  lateral  portions 

connected  by  a  transveTse  loiddle  piece.    Family  Eyiaidaz. 

Oik  genus  only. Eylais  Latreille  1796. 


A  red  mite  wjtli  body  drculu  In  outliiM 
•ad  luually  imoollii  with  pilpi  slender  in 
ibrm  and  ikbfy  tuppUed  with  hiin  tad 
teioet,  maoy  of  them  feathend;  hind  legi 
""'■  '  c-hiin   uid   lUomd   to 


Pro-  13 1}.    Bylaii  atiiUmi  QiWa)  »  Enco- 

Hn  incis.  Ventral  sjrfiicB  of  loule.    X  r- 

Inatt  nde  ol  rl()it  palpiu.     X  6a.    Eye^sUl. 

t^--^  X59-    (llodi6ad  bom  Pieirir) 

\^ 

i  (i)    Lateral  eyes  of  the  two  ^es  widely  separated  and  in  no  case  borne 
on  a  common  eye-plate 7 

7  (iS)    Distal  extremity  of  pal.  seg.  4  produced  beyond  the  point  of  inser- 

tion of  s^  5,  the  two  segments  together  resembling  a 
pair  of  shears "i 

8  (9)    Mandible  one-s^mented,  the  terminal  portion  straight  and  stiletto- 

like       Fantity  Hydrachnidab. 

One  genus  only. Bydrachna  Latreille  1796. 

Mites  of  Mme  ihtde  of  red  or 
biown.  and  aooMtlmea  ipotted 
with  blaii.  with  the  body  ^l>- 
ular,  soft,  and  naially  p^iulated; 
capitulum  produced  intoB  snout. 
Speda  numeiDuit  occuniag  in 
■wampe,  lakes  and  poDds  evay- 
where  and  usually  conunoo. 
Vaiyiog  from  i  to  even  8  mm. 
tnlesgth. 

(UtUkc),  ■  Eunpeu  ueoB.  ■]» 
buDdinNcwEiiflud.  ThcUl(at 
dcKTibed  hydnomid.  Voilnl  mr- 
fHB,  female.  X  *■  Palpo*.  X  A, 
(Uodified  from  Knia.) 

9  (8)    Mandible  two-segmented,  the  terminal  segment  curved  and  daw- 

like.   Family  Hydkvphaniidae.  .  .     to 
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lo  (ii)    Lateral  eyes  of  each  ^dc  separate  and  not  enclosed  in  a  capsule. 

Subfamily  Diplodontinae. 

One  genus  only. Diplodontus  Dugds  1834. 


A  Uise,  brownish-Ted  mite  with 
body  biUBil,  Boft,  and  suifuce  P^pQ- 
Uted;  caiHtulum  fanning  a  snouEj 
palpi  very  sm&ltj  legs  ilender,  with 


.._p _i«-h«in.     One   c 

poliCan  ipccte^  gcneraily  distributed 
m  this  countiy  and  ^unduit.    About 


P10.1311.  DilfaitnUoiesHciauiMti- 
he).  Venuil  suriuc,  nule.  X  if ■  Outer 
aat,  pdixu.  X  ICQ.  (Modified  Etcm 
Fienii.] 


II  (10)    Lateral  eyes  of  each  side  fused  and  contained  in  a  chitinoiis  capsule. 
Subfamily  Hydryfhantinae.   .     la 

13  (17)    Without  swimming-h^n. 13 

13  (i^    Median  eye  present Thyas  Eodi  1837. 


A  genui  of  red  mitei  of  mmlente  liie 
with  papitt&ted  surface  often  with  chitiDDUs 
p^tes;  with  c^iutuluni  farming  &  snout;  tegs 
with  only  short  spines;  a  bottom  and  shore 
bmn  in  swampy  situations.  Varying  in  size 
from  I  to  3  or  even  2.5  mm.  Few  spedes 
known  from  the  Northern  StAtes  and  Canada 


>j_^     -_,_- - Koch,  a   Eunwu, 

.■.„.     Ventnd  surfsce,  lemsle.     X 16,     Outer 
Id.  left  jalpus.    X65.    (Modified  from  PieniE.) 


14  (13)    Median  eye  not  present . 
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15  (16)    Genital  flaps  present,  acetabula  3,  knob-like. 


Panisus  Eoenike  18961 


Similv  to  tbc  pnteding  in  appcsnnts:  wltb  chitmotit 
stes  mora  or  lew  developed,  in  our  one  described  ipede* 
(.uvering  molt  al  the  donsl  aurf&ce.  One  spedes,  P.  tatm- 
pkracMi,  described  by  Koenike  (iSqs)  bma  Canada,  abgiit 


Pinltiu  taUfkrtha  (Kaenlki).    Etjimcnl 


MMradu   (Kaenlki).     Eci 
•UeU.    Xw-    Outs  ride. 


iul  ma  Hd  miiaiiiiy 


stalked  acetabula. 

Sporadoponu  Woloott,  1905. 


A  rad   mite   with   body   bcMt  hj  nnall   oonica) 


Fio.  igiS.  SftTadcfnu  la—lmHs  (Ffenl^,  a  EaiEfau 
fofm.  Veatnl  luifacc.  fcnuk.  X  St.  Pupua.  X  lu- 
(Hodlficd  from  Pinii.} 


17  (la)    With  swimmiiig-Itairs. Bydryphanles  Koch  1837. 


A  hrownUh-Kd  n^te,  with  a  median  ejr* 
nutounded  by  a  laige  dUtinous  plale; 
adapted  to  niore  open  water.  Spede* 
•evenl,  and  occuning  f  rniueiitly.  A  little 
above  medium  aie  ranging  from  i.t  mm. 


Flo.  i]9».  ByirtpitmlH  rutu  (de  Gear),  a 
Europun  ip«H.  Ventral  nirfae*,  famide. 
X  IT-  Ouledidc.kftpiilpiu.ofleiDile.  Xm. 
(UodiGcd  Irom  PiatiK.) 
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18  (7)      Distal  extremity  of  pal.  s^.  4  slightly  or  not  at  all  produced  be- 

yond the  insertion  of  seg.  5,  but  the  latter  free,  Upering,  the 

tip  bearing  small  claws  or  teeth,  or  ending  in  a  sharp  point. 

Family  Hygbobatidae  .   .     19 

19  (31)     Pal.  seg.  5  sharply  pointed,  clan-like,  opposable  to  the  projecting 

distal  flexor  margin  of  aeg.  4,  forming  a  sort  of  pincer. 
Body  entirely  covered  by  a  porous  sheet  of  chitin,  divided  by 
a  suture  into  a  smaller  dorsal  portion  and  a  larger  ventral. 
Legs  with  swimming  hairs.  Subfamily  Askhendxinae.  .  lo 
30  (ii)  Genital  area  lying  between  epp.  XV,  the  deft  flanlced  by  large  valves 
each  bearing  3  or  4  acetabula. 

Krendowskija  Piersig  1895, 


A  ditt  brown  ndte  ot  medium  aze,  broadly 
oval  in  form;  with  the  capitulum  movable  and 
IxotniaUe.  aod  the  ouneroMom  developed  into 
>  law  roatnim,  nbre-like  and  curved  upward. 
One  Americai     "    '      "    "'"' —    


One  American  ipedes,  R.  mala  Wolcott.  occur- 
ring rarely  Id  Wiconan  and  Michigan.  Other 
ajedea  are  detcribed  from  Venezuela  and  southern 
Kuada.    Each  ii  a  little  over  i  mm.  In  length. 


Flo.  luo.  f  miAiwtitfa  •■ 
arta  ud  genital  uta,  lemale. 
pahwi,  (nule.  X  il<3.  Sde 
[cahadb.    X6a.    (JUtsWid 


at  (30)  Genital  area  lying  posterior  to  epp.  IV,  the  deft  flanked  by  two 
plates  forming  together  an  elliptical  or  circular  area,  beyond 
whidi  are  laterally  extended,  wing-like  plates  with  numer- 
ous acetabula. Arrhenunu  Dugds  1834. 


Uler),  oute 
UUler],  d 


u;  docul  WTfue  of  lemile.  XiJ.  B,  Palpiu 
I.  maiuhtn  (MlUler),  domi)  urfuz.  male.  X. 
AH  Europeu  tpecwi.    (Uodlfied  from  Picnlg.) 


The  fenules  of  this  ^eniu  are  approximately  oval  in  form  and  poneaa  few  characten  by 
«rfiich  they  may  be  dLrting»i<hrd,  but  the  males  tie  highly  aod  variously  modified  in  form  and 
poNSM  complicated  accessory  sexual  structures,  induduig  a  ccvulatory  organ,  the  petiole.    Leg 
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Mg.  tV  4  is  ■!»  usually  modified  in  the  nude  by  the  poMewioo  al  >  peg-like  imiectiaa  and 
chuacterjatlc  baits.  The  apeciea  vaiy  oonaidenbly  in  tiie.  Iram  about  0.5s  mm.  (o  oeuly 
1  nun.  One  of  the  most  abundant  and  widely  distributed  geaera,  conuDOO  in  dear,  shalVnr, 
hard  waters  where  plant  life  is  abundant,  with  about  100  qiedea,  all  of  varioui  shades  of  bluish 
or  btowoiih  green,  01  red.    Tbere  are  about  50  spedes  described  from  Notth  Amaka. 

32  (19)    Pal.  seg.  j  Dot  opposable  to  4,  and  bearing  at  the  distal  end  small 

more  or  less  distinct  teeth  or  claws 33 

33  (44)    Epimera   in  both  male  and  fentale  united  and  moie  or  less  fused 

into  a  single  epimeral  plate 34 

14  (39)     Body  more  or  less  rompressed  dorso-ventrally  and  completely  en- 
closed in  a  chitinous  covering  usually  divided  into  a  smaUer, 
elliptical  or  oval,  dorsal  plate  and  a  larger  ventral  plate. 
Subfamily  Atukinae.  .   .     25 

35  (36)    Four  smaller  plates,  variously  shaped,  anteriorly,  between  the  dorsal 
and  ventral Torrenticola  Piersig  1897. 


A  rather  small  mite,  0.6  to  0.75  mm,  long  of  oval  form, 
with  the  capitulum  produced  into  a  sort  of  snout;  no 
swinimiDg-baits.  One  American  qieciea,  rarely:  found, 
and  apparently  identical  with  the  European  Tamnti 
c^  aiumala  (Koch). 


(MudMed  frDm  piersig.) 


36  (as)    TTie  two  plates,  dorsal  and  ventral,  covering  the  whole  surface.   .     37 

37  (30)    Rostrum  developed,  prolonged  and  curved  upward 38 

38  (39)     Genital  area  without  flaps  or  valves,  with  numerous  acetabula  free 

in  the  body  surface Tanaognaihus  Wolcott  1900. 

A  rather  small  mite,  strong  compressed 

dono-venlrally,    and    with    few    swimming' 

hairs.      One  qtedes,   T.   spinifa  Wolcott, 

about  0.7  mm.  long,  known  orily  by  a  few 

IS  {mm  Michigan. 


Flo.  rtj].  Tanacfiullau  ipinifa  VrJcoa.  Epi- 
meral  field  and  genital  area,  mue.    X4a.    Oultf 

■idc,  ligbl  pilpus,  male.    X  rgj.    [Alter  WolcoU.) 
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ag  (38)    Genital  cleft  flanked  by  two  large  movable  valves,  and  abo  ace- 
tabula  Bet  free  in  the  body  surface.   Koenikea  Wolcott  1900. 


bain.    Brkhtly  ud  variously  cc 

One  wid^-dUtribuIcd  ■pcdeb  K. 
tentata  WolcoCt.  adapting  it3d(  I 
varied  conditiona,  and  oflea  '"""■"■ 
01  atnall  sm  meaauring  o^  to  0.7  mil 
iDkngth. 

Pn. 


Fio.  uu.    KtmOuB  OHKOM  Woli 
E(iliiKnirMdiiid(aiitaliRa.iiub.  > 


30  (a?)    Roatrum  short 31 

31  (36)    Suture  between  the  dorsal  and  ventral  plates  continuous,  completely 

enclosing  the  dorsal  plate,  or  oipen  posteriorly 33 

33  (35)    Acetabula  lying  near  the  genital  cleft,  no  modification  of  leg  IV  in 

the  male 33 

33  (34)    'Eip.  IV  quadrilateral  in  form Mideopns  Neuman  188a 


A  mite  of  bright  odon,  with  body  almost  drcutu 
In  outline,  iligb^  concave  donally;  a  abort  roatrum: 
awlmming-hain;  3  acetabula  on  eadi  side,  oulade  of 
wbldi  are  narrow,  adcle-ibaped  flaps.  One  niedet, 
U.  tbtaOtrU  (MUller),  conunoo  to  Europe  Ind 
America  and  widely  diiUibuted  in  this  country.  01 
mf4'"m  MM  averaging  about  i  ""<>  in  length. 


XyjfcnoJiu  Wolcott  190a 


Body  dUptkal;  capitulum  waalX  and 
camenMtom  ilighlJiy  developed  into  a 
loatmm;  no  awlmming-baira:  3  acetabula  on 
each  ade,  Sanked  hr  movable  flapa.  The 
Benui  containlDg  a  single  ipecies.  X.  atptr 
V/akatt,  known  only  bom  two  fCoMle 
a  from  Uidugan.     Of  mall  mac 


Fio,  tai.  XgMMMu  atft  Woloolt.  Van- 
(nl  mfue.  fonik.  X  41-  Outa  ride  tight 
pa^iu-   XiM-    (Aftetwokmj 
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35  (31)  Acetabula  arranged  along  the  posterior  margic  of  the  body,  in  one 
or  more  rows,  numing  forward  on  either  side  nearly  to  the 
point  of  insertion  of  1^  IV,  which  leg  is,  in  the  male,  modi- 
fied  Alunts  Kramer  1875. 


^-h&in;   leg  IV  o[  male  with 

ttgi.  4  to  6  atrikiDgly  modiBed.  One  apedes, 
Atunu  mirabitii,  is  recorded  frtoD  Cuutdk  by 
Koeoikc     The  genus  i*  clunctcristic  of  rapidly 


.  il(iinuK«lir(Kimma),  1  Euraisan  ■pe- 
al lUTfucc  of  naU.  X  Ai'  Outer  tide  Of 
lie.    X  ISO.    CUodiSed  fima  Pierdf.) 


37  (3S)     Genital  area  with  4  acetabnla  on  each  aide  .  .  Axotu>psis  Piersig  iSg^. 


A  very  small,  brigbtiy-cotond  mite 
■bout  0.45  mm.  m  length,  with  ■  median 
cleft  in  the  posterior  matgia  of  the  oval 
body;  the  anterior  epimen  eiteoded 
beyond  the  cagitulum;  few  swimming- 


Odc  North  Ameiicsji  mecies, 
northeni  lakes,  appsrentbr  the 
the  European  A.  <«mtlaitato 


Fio.  1338.  Axmifiii 
Ventnl  nirfici  ofln 
Bide,  right  paLpui. 
Picnif.) 


UMjilMite  (Mnlla]. 
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38  (37)     Genital  area  with  numerous  acetabula  on  each  side. 


A  mite  of  medium  ilie.  ■vcngiiu 
about  I  nun.  in  length,  with  elllpticaj; 
BttoDglyoompnswdbody;  awinunlng- 
luiin  present.  One  NotUi  American 
apcde%  ntliemrr,  in  lakes  of  northeni 
state^  traquently  pale  greenish  in  oilar. 
This  IS  identical  with  the  only  Eun>- 
pean  tpeda.  A,  tlaUimii  Tnon,  or 
very  doMly  related. 


Fn.  ijsg,    AUU  ttdUatiilhoa.    V«a- 

.    (AfterTJ 


39  (34)  TBody  highly  arched,  in  some  cases  laterally  compressed,  with  no  such 
dorsal  and  ventraJ  plate.     Subfamily  Leberiunae.  .     40 

Legs  with  BVimmlng-burs  except  in  certain  q>edes  of  L^itrUa. 


jp  (41)    Leg  IV  with  daws  at  tip,  epimera  only  partly  fused: 

LeberHa  Neu 


Medimn-ilied  mites,  varying  in  length  from 

□,8  to  I. J  mm.,  with  ovoidal  body,  the  smface 
of  which  is  soft  or  bard,  in  some  cases  with 
small  flecks  of  diitin,  usually  striate,  but  raxtHy 
paoUste;  cspitulum  developed  more  or  leas  into 
a  abort  snout.  A  genus  of  frequent  occurrence 
in  colder  waters,  represented  by  sevoal  closely 

sUied  species  which   have  — '-■  ' '■■■ 

recosniied  as  distinct. 


e  only  been  recently 


ttudied,  all  of  them 


iIo'umleKribal.  Vcntnl 
lemue.  x  ifh  Outer  Bkk,  palpus, 
JO.    (Uodificd  bom  Ficnlg.) 


41  {40)    Leg  IV  without  daws  at  the  tip,  ending  in  a  sharp  point,  epimoa 
completely  fused 43 
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43  (43)    Body  laterally  compressed,  epimeral  plate  extending  up  on  the  lat- 
eral surface,  leaving  only  a  dorsal  median  furrow. 

Frotitipoda  Kocnike  1891. 


the  hn  a 

■■     nU 
u(Mtll]i 


aapp»ren^ 

one  senpnlty  dtBCributed  Europcui  qtadci,  F. 


0.1J41.  ft ,___ 

ia.lauk.    Xji.   C 
I.      (HodMkdftonPi 


43  (43)    Body  not  so  decidedly  compressed,  epimeral  plate  tut  citending 
upward  on  the  lateral  siuiace.     .   .   .     Chats  Kramer  1877. 


yfiS:. 


, —  Ji  hwiii;  )tf»  cnnded  toward  the  u. 

tcriotcod.  Known  in  North  America  only  fltm 
WiKxmiyn,  when  the  one  nxdti  wnni  to  be 
rtn.  Thli  is  imdeacribed,  but  ii  limilu  to  0. 
fftalu  (MUlIet)  and  O.  ttritaHu  (UtiUct)  tb« 
romnKm  EutopeMi  fonni. 


a.  1J41.  Oau  nalii  OSOOa).  VeaUtl  tafua, 
k.  X  JO.  Ona  iMHtu  (HDIkr).  Outaibk, 
ulcmilb    Xga.    (UDdiM  £nn  Pien^.) 


44  (33)  Epimera  arranged  in  groups,  in  the  female  always  cleaiiy  aepante 
from  one  another,  in  the  male  closer  together  but  distinct, 
only  in  rare  cases  in  contact  01  tending  in  a  sli^t  d^ree  to 
fuse 4S 


45  (64)    Epimera  in  four  groups,  in  the  male  in  some  cases  only  a  unow 
interval  between  tbem 46 
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46  (53)    Genital  area  usually  lying  far  forwards,  at  least  between  epp.  IV, 

and  the  epimeial  groups  often  separated  by  a  considerable 
interval,  no  anconu  process  on  tbe  mazillaiy  shield. 

Subfamily  Sperchoninae    .     47 

47  (53)    Genital  acetabula  bome  on  a  plate,  no  Hapa  i»V9ent 48 

48(49)    Acetabula  numerous. Ltmnestopiii  Piemg  iSgj, 


a  nocthem  lAkci  but  01 


Id  udgcnitsl  ucb.  male, 
■k.    X4«-    (Alter  Koaiike.) 


49  (48)    Acetabula  few,  large 50 

50  (51)     Leg  IV  with  tciminal  claws,  no  swimming-hairs. 

TyrreUia  Koenike  1895- 

Body   almost    drculir,   pipilhted 
witl)    one    or    two    dorul    cfaitinous 
_  plates;  mouth-opening  in  the  middle 

of  a  disk-like  uirface  at  the  anterior 
end  of  Che  capitulum,  resembliof  the 
conditianseeninthe  HydryphanLdae; 
ailuggiah,  daik-brown  mite  of  medium 
■iie  aveni^Dg  i.i  mm.  in  length, 
known  from  Canada  and  found 
abundaotlv  some  y^ari  unce  at 
Reed's  lake,  near  Grand  Rai4dl, 
Michigan,  where  it  was  picked  up 
■in^y  with  the  pipette  in  the  debris  at 
the  margin  of  the  wafer  in  dose  prot- 
imity  to  a  swampy  portion  of  the  take 
ahore.  Very  rare  in  Birge  net  hauls 
at  the  same  place.  Two  spcdea  taken, 
one  apparently  the  same  as  T.  cirai- 
laris  Koenike,  previously  described. 


Pra.  i]u.  Tjn^it  clr-xlariM  JLoealkt. 
VenUaliiutaccleiniile.  X  ]6.  Iddct  lids, 
nlpu^  female.     X  49-     (UodiGed  Ckdi 
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51  (so)    L^  IV  ending  in  a  point,  a  long  hair  a  little  back  from  the  tip,  swim- 
ming-hairs present Limusia  Koch  1837. 


A- mitc  varying  franiDull  toUisein  lUe. 
pc  from  o-s  to  a  ram.  in  length,  urith  oval 
body,  nirface  lUJue,  ■omeUma  lanlkMe, 
and  even  developing  a  dlidnoui  attUmoA; 
two  eyei  on  each  aide  Mpknte.  HMdume 
mitei  with  bright  red  tpot^  very  acdve,  and 


iMMMia  tinrinUca  (Bennuu). 
Oy  diUnbulcd  North  Amerioa  kk- 
id  thnucboat  Eimpe.    Ventnl  nr- 


Sa  (47)    Genital  acetabuU  along  the  margin  of  the  deft,  covered  laterally 
by  flaps;  without  swinuning-hairs.   Sptrchm  Kramer  1877. 


Body  oval,   rardy   with   ■ 

platHi  smooth,  or  papillate;  l^ , 

movable.  A  genus  found  in  nottheni  and 
mounumlatei  and  streams.  Three  spades 
recorded  Crom  Canada.     Spedes  small   to 


Idd  both  fn 


(laaJiifgiiu  Eacnlke. 


ErcHD  Europe  mid  Cuudiu 

'-.      X  2,.     Outer  lidt  o( 

(Uodificd  Irca  Pinlg.) 


53  (46)  Gemtal  area  bring  posterior  to  epp.  IV.  at  most  only  its  anterior 
end  lying  between  their  emarginate  posterior  amdes;  an 
ancoral  process  present.  .   .     Subfamfly  ^oiiml.  .     54 
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54  (61)    Posterior  margin  of  ep.  IV  rounded  or  transveise 55 


5  (58}    With  swimming^haiis  . 


56  (57)  Transverse  diameter  of  ep.  IV  the  greater,  suture  between  epp, 
III  and  IV  complete;  no  prominent  papillae  on  pal.  seg.  4, 
acetabula  very  numerous Neumania  Lcbert  1879. 


Ultci  of  imxll  to  uedium  size,  vsiying 
in  length  from  6.5  to  i  .6  mm,,  with  soft  body, 
tending  man  or  less  to  develop  chitinoiu 
pUtn  or  beset  with  cfaitinoui  pajnti,  nrely 
imootb:  leg  IV  usually  with  feathered  ipines. 
Brightly  colored,  red  or  bluish  fonns,  active, 
but  not  mariudly  voiadoua.  Several  North 
American  qwdea,  common,  and  widdy  db- 
tributed. 


Euiwoinspeda 
doadyiluSlonD 
Outct  (Ide,  palpiu, 
Pfcnlg.) 


WiM— J.  ifM>u   (Uolkr),  a 
a  tctninted  in  ths  DDOnCiy  bjr  ■ 


57  (56)  Longitudinal  diameter  of  ep.  IV  at  least  equal  to  the  transveiw 
suture  between  epp.  Ill  and  IV  incomplete  medially;  pal. 
seg.  4  usually  with  prominent  papillae;  5  or  6  acetabula  on 
each  side  on  one  or  two  plates. 

(Non-parasitic  spedes)  t^MtonuwAi  Haldeman  1843. 


58  (55)    Without  SI 
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1  and  the  posterior  end  of  the  body,  genital  plates 
elongated  transversely Najadia^  Piersig  1897. 


A  Urge  mite,  1  5  to  t-S  """•  ^t^iS. 
tbe  ^vid  (emalc  often  very  luge. 
Teaching  a  length  of  even  6  mm.,  living 
in  fresh-wata  muaaels  and  laying  eggi 
in  mauea  between  tbe  gilU.  Honey- 
yellow  in  color,  moit  ot  lesi  distinctly 
finely  venniculate  with  white  linea. 
One  North  AmeriCBa  qiedes,  genenlly 
diitributdd. 


Flo.  1118.  JV«sjKalatiit«u(Koen!ke). 
Enmenl  field  aod  (eaital  ink  nule. 
X  3).  «Af Ur  Koenlke.)  Luwi  dde.  [al- 
l»9,  nule,    X  ao.    (Alter  Wokolt.) 


margiD  irf  ep.  IV  straight;  genital  area  at  the  posterior 
end  of  the  body,  genital  plates  not  elongated  transversely. 
(Parasitic  species)  Unionii^  Haldeman  184a. 


OtliomoMt  toi.gmm.inlength.  Some 
are  active,  free-Bwimming  mites  with 
kniK  legs,  with  swimnuDx-hairs,  and 
leg  1  frequently  with  movHble,  dogga- 
like  iiHiies.    Othen  are  mussel  pus- 

iwimming-hBirs,  leg  IV  in  some  cases 
being  charactetistimlly  modified  in 
the  male  ser.  In  both  type*  •trong 
spines  adjaceat  to  the  genital  opening 
serve  together  as  an  ovipositot.  Cer- 
tain free-swimming  forms  are  regularly 
pelagic  and  very  trauparait;  tbe  parm- 
siUc  forms  are  dull-colored.  Spedes 
Qumerousand  widely  distributed,  many 
of  Ihem  very  abundant,  especially  the 
paraatic  forms.   The  lalter  are  unially 


1^.1319-  (/iii«i(»lacn»i!*« 


jiBi»M  (MUtar), 

i   widdy-dbtribuieel,  Ine- 

ica  vSEuiopE.     VcDlnl  luifact. 
t,    X  39.    Pulpua.  Dutet  ude.  Icmide. 
(Modified  frooi  Fiosli-) 


61  (54)    Posterior  margin  of  ep.  IV  with  a  prominent  acute  an^e. 
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63  (6i)  Medial  margin  of  ep.  IV  reduced  to  merely  a  medial  angle  which 
fonns  a  common  angle  with  the  medio-posterior  angle  of 
ep.  Ill;  leg  segs.  IV  s  and  IV  6  of  male  modified. 

Tipkyj  Koch  1837. 


Btiikjngly  modified.    Few  North  Amman  mda, 
me,  [d  qui  Doithcni  Ukca,  u  yet  Dot  studied. 


63  (69)    Medial  margin  of  ep.  IV  not  reduced,  and,  owing  to  the  angle  on 

the  posterior  margin,  ep.  IV  more  or  less  clearly  five-uded. 

Fiona  Koch  1837. 


Oval   or   elliptical    tomu  of 

v«riou8sires,fronio.4St0  3  am. 
long,  □den  brightly  colored,  witll 
■wimmins.hain,  and  with  char- 
acteristic modificstiona  o(  leg 
•cgi.  nl  6  and  IV  4  in  the  male, 
the  latter  Krving  to  aniit  in 
giuping  the  female  in  pairing, 
the  former  to  cany  tbe  Kmen 
to  the  female  gMiiUl  opening. 
Hardy,  active  mi  to,  adaptinB 
themselves  to  a  great  variety  (3 
conditioDk.    More  than  twenty 


tributedo^ 


rthe 


Fio.ijst.  PimMiifaXocfaJ.a 
EmopeaD  ipede).  Ventral  suiface, 
faulc.  X  19.  Outer  side.  fipoM. 
fexttk.  Xn.  (ModlBed  ^on 
FiBS%.)  FiHa  omMcIa  (Wol- 
CDtt),  u  Amerkaa  tocm.    Leg  Mg- 


£4  (45)    Epimera  in  three  groups,  epp.  I  being  fused  together  behind  the 

capitulum,  the  groups  also  often  close  together  in  the  m^e. 

Subfami^  Hygrobatinae  .  .     65 
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5  and  I  6  modified. Atraaida  Koch  1837. 


SduS  to  medium-iiied  mitei,  vuy- 
Ed^  in  lengtli  from  048  to  i  .5  mm. 
with  luifsce  soft  mnd  nriate,  or  with 
a  flexible  or  hard  porous  covering; 
twimmiDf-buii  prewot.  Species 
few  in  thu  country,  rB^^  in  Dorthem 


(Modified  from  FjciheO 


66  (65)    Leg  sega.  I  5  and  I  6  normal Bygrobates  Koch  1837, 


MItea  vary[ng  in  die  from  imall 
to  even  lajgc.  or  0.5  to  a, 5  mm., 
brigbtiy  colored  in  mUiy  cues,  with- 
out awimming'haira,  but  active,  uid 
certain  n>eciei  (requeotly,  if  not  regu- 
larly, peWic  Several  spedei  of  gen- 
eral distribution  in  northern  United 
States  and  Canada. 


_„ hmtlftpb 

(HennaiuO.  a  gpeoB  lound  in  North 
America,  Europe  and  WEstem  Aua, 
Veutral  surfaft,  female.  X  13-  Outer 
side,  palpus,  feiuk.   Xii5<    (Uodified 


In  collecting  water-mitcs  with  the  Birge  net  one  will  almost  always  find  in 
the  collection  specimens  of  another  mite  of  small  size,  brown  in  color,  with 
short  legs,  with  the  body  indistinctly  separated  into  cephalothorai  and  ab- 
domen and  with  a  homy  body-covering.  This  belongs  to  the  homy  mites  or 
Oribatidae,  probably  to  the  genus  Notaspis,  and  is  a  vegetable  feeder  living  on 
aquatic  plants  beneath  the  surface  of  the  water.  It  can  not  swim,  and  will 
either  cling  to  objects  at  the  bottom  of  the  dish  or  float  on  the  surface.  Sev- 
eral q>ede3  occur  and  are  generally  distributed.  The  species  increase  in  size 
and  number  to  the  southward. 
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IMPORTANT  PAPERS  ON  NORTH  AMERICAN  FRESH- 
WATER MITES 
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33:  301-256. 

1903.  The  North  American  Species  of  Limnesia.  Trans.  Amer.  Micr.  Soc., 
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AQUATIC   INSECTS 

By  JAMES  G.  NEEDHAM 

PnfatH  li  LimmAta.  CtmO  Unhtnilf 

Ii^ECTS  are  essentially  terrestrial  animals.  Their  organization 
fits  them  for  e]^sure  to  the  air.  On  land  they  are  numerically 
dominant,  and  it  is  a  comparatively  small  portion  of  the  group 
that  is  to  be  found  in  the  water.  But  the  lesser  portion  of  a 
group  so  large  is  in  itself  a  host,  including  a  very  great  variety  of 
forms. 

That  insects  are  primarily  terrestrial  and  that  they  have  been 
secondarily  adapted  to  aquatic  hfe  is  evidenced  in  many  ways. 
Their  complete  armor  of  impervious  chitin  and  their  respiratory 
apparatus,  consisting  of  internal  branching  chitin-lined  air  tubes 
(tracheae),  opening  to  the  outside  for  the  intake  of  air  through 
spiracles,  speak  strongly  against  an'  aquatic  or^in.  It  would  be 
hard  to  imagine  an  organization  more  uosuited  to  getting  air  when 
in  the  water. 

Furthermore,  all  adult  insects,  evea  those  that  live  constantly 
in  the  water,  have  preserved  the  terrestrial  mode  of  respiration: 
they  all  breathe  air  directly,  instead  of  breathing  the  air  that  is 
dissolved  in  the  water.  They  have  merely  acquired  means  of 
carryii^  air  from  the  surface  down  into  the  water  with  them  for 
use  there.  They  are  no  more  aquatic  in  their  mode  of  respiration 
than  is  a  man  in  a  diving  bell.  It  is  only  the  more  plastic  immature 
st^es  that  have  acquired  a  strictly  aquatic  ^pe  of  respiratory 
apparatus. 

Again,  it  is  only  isolated  and  rather  small  groups  of  insects  that 
inhabit  the  water.  A  few  of  the  smaller  orders,  like  the  stone- 
flies,  Mayflies,  dragonflies  and  caddisflies  are  practically  all  aquatic 
in  their  immature  stages;  but  the  larger  orders  are  not  so. 

There  is  abundant  evidence  of  the  independent  adaptation  of 

the  various  groups.    Practically  all  the  adult  insects  found  in  the 
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water  axe  either  bugs  or  beetles.  Of  those  aquatic  insects  having 
complete  metamorphosis,  the  pupa  is  strictly  aquatic  in  caddisflies 
only.  The  adaptations  of  the  immature  st^es  have  chiefly  to  do 
with  their  respiratory  apparatus,  and  this  is  most  extraordinarily 
diverse.  This  will  be  discussed  later.  SuflSce  it  here  to  say  that 
gills  of  several  sorts  may  be  developed  upon  either  the  outer  or 
inner  surfaces  of  the  body,  and  those  on  the  outside  may  be  dorsal 
or  ventral,  and  may  be  developed  upon  the  head  or  on  any  s^- 
ment  of  the  thorax  or  abdomen:  thus  they  bear  all  the  usual  signs 
of  independent  and  adaptive  origin. 

Finally,  it  is  to  be  noted  that  insects  have  not  invaded  the  water 
very  far.  Nearly  all  of  them  have  stopped  at  the  shores  or  in  shoal 
water;  only  a  few  have  established  homes  for  themselves  in  deq) 
water.  Only  the  phantom  larvae  of  Coretkra  have  become  free 
swimming  and  are  regular  plankton  constituents;  possibly  a  few 
others  also,  for  a  limited  distribution-period  immediately  follow- 
ing their  hatching  from  the  ^g.  The  press  of  life  on  land  result- 
ing from  the  evolution  of  the  h^hly  successful  hexapod  type  of 
organization,  with  great  adaptabiUty, -brief  life  cycle  and  excellent 
reproductive  capacity,  may  have  resulted  in  the  crowding  into  the 
water  of  those  moisture-loving  forms  whose  structures  were  best 
adapted  to  meet  the  new  conditions.  The  severity  of  the  competi- 
tion on  land  is  most  evident  to  the  careful  observer;  every  nook 
and  comer  has  its  insect  inhabitants  and  every  scrap  of  nutritious 
food  is  eagerly  sought  by  a  host  of  competitors.  It  is  easy  to 
conceive  that  a  great  variety  of  forms  already  accustomed  to  living 
by  the  water  side,  findii^  food  more  abundant  in  the  water  than 
out  of  it,  might,  if  adaptable,  become  modified  for  entering  the 
water  for  a  greater  or  less  depth  and  for  remaining  there  a  greater 
or  less  time. 

And,  as  a  ntatter  of  fact,  adaptation  of  the  adults  has  proceeded 
only  a  little  way.  Some  adult  insects,  as  certain  caddisflies  and 
damselflies,  enter  the  water  only  to  lay  their  eg^,  and  they  remain 
envdoped  by  a  layer  of  adherent  air  while  beneath  the  surface. 
Some  live  constantly  in  the  water  but  maintain  communication  with 
the  surface  by  means  of  a  long  respiratory  tube,  as  does  Ranatra. 
The  most  nearly  aquatic  of  adult  insects  are  the  bugs  and  beetles  that 
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have  developed  oar-like  hind  feet  and  have  become  good  swimmers; 
these  enter  the  water  to  depths  of  several  feet  and  spend  most  of 
thdr  time  near  the  bottom  in  shoal  waters,  but  they  must  come  to 
the  surface  at  intervals  for  air  which  they  carry  down  with  them 
beneath  their  wing  covers  or  adherent  to  the  pile  of  their  bodies. 
A  few  adult  insects  also  have  taken  to  walking  or  runnii^  on  the 
surface  of  the  water,  but  these  are  naturally  the  most  minute  forms, 
as  springtails,  or  those  of  slenderer  build,  like  little  Diptera  and 
water  striders;  and  of  this  last-mentioned  group,  some  wander  far 
from  shore,  even  upon  the  surface  of  the  ocean.  But  there  are 
few  adult  insects  to  be  found  far  from  the  shelter  of  vegetation, 
and  it  remains  true  that  the  great  press  of  insect  life  is  at  the  shore 
line. 

The  case  is  only  slightly  different  with  insect  larvae.  Most  (rf 
these  have  remained  near  shore.  As  coiUpared  with  the  adults, 
thdr  smaller  size,  less  chitinized  skin  and  greater  plasticity  have 
allowed  much  more  complete  adaptation  to  aquatic  life.  There 
are  some  larvae,  like  those  of  beetles  and  of  many  flies,  that  take 
air  at  the  surface  as  do  the  adult  beetles,  and  there  are  a  few  otiiers, 
that,  descending  the  stems,  tap  the  air  spaces  of  plants  far  beneath 
the  surface  and  get  oxygen  from  that  imusuaJ  source;  but  there  are 
also  very  many  that  are  capable  of  a  truly  aquatic  respiration, 
being  able  to  utilize  the  air  that  is  dissolved  in  the  water..  Most 
of  these  larvae  when  newly  hatched  absorb  the  oxygen  directly 
through  their  skins;  and  a  few  of  them,  especially  such  as  live  in 
well  aerated  water,  acquire  no  better  means  than  this  during  their 
larval  existence,  but  most  of  them  develop  gills  of  some  sort. 

These  gills  are  delicate  outgrowths  of  the  thinnest  integument  of 
the  body.  Two  types  of  gills  are  usually  distinguishable,  blood 
gills,  and  tracheal  gills.  The  former  are  more  like  the  gills  of 
other  aquatic  animals;  the  latter  are  peculiar  to  iiisects.  Ilie 
blood  gills  are  simple  outgrowths  of  the  body  wall  into  which  the 
blood  flows.  The  interchange  of  gases  which  constitutes  the 
rc^iratory  process  takes  place  between  the  blood  within  the  gill 
and  the  water  out^de  it  by  means  of  direct  diffusion  through  the 
thin  membranous  wall.  Such  gills  are  very  commonly  developed 
in  dq)terous  larvae  as  paired  and  retractile  appendages  of  the  pos- 
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tenor  end  of  the  alimeatary  canal,  but  they  also  occur  on  other 
parts  of  the  body. 

Since  tracheae  are  the  established  channels  of  air  distribution  in 
the  bodies  of  insects,  and  nearly  all  insects  are  hatched  from  the 
egg  in  possession  of  a  number  of  them,  it  is  natural  that  tracheal 
gills  should  be  more  commonly  developed  in  the  larvae  of  the 
group.  A  tracheal  gill  differs  from  a  blood  gill  chiefly  in  that  it  is 
traversed  by  minute  capillary  branches  of  tracheae,  and  the  air 
is  taken  up  by  and  distributed  through  the  tracheae.  Tracheal 
gills  are  usually  developed  apart  from  and  quite  independently  of 
the  spiracles  or  breathing  pores.  They  arise  from  the  thin  inters^- 
mental  membranes  of  the  body.  They  may  be  developed  upon 
the  internal  walls  of  the  rectum,  forming  a  lai^  and  very  perfect 
gill  chamber,  as  in  the  young  of  dragonflies.  More  frequently,  they 
are  developed  on  the  outside  of  the  body.  They  may  be  flat  and 
lamelliform,  as  in  the  three  caudal  gills  of  the  damselflies  and  in  the 
paired  dorsal  abdominal  gills  of  Mayflies,  or  they  may  be  filamen- 
tous, simple,  branched  or  tufted,  as  in  most  other  forms.  Another 
sort  of  tracheal  gill  (the  so-called  "tube  gill")  is  developed  directly 
from  the  prothoradc  spiracles  in  certain  diptera  at  the  assumption 
of  the  pupal  st!^e,  in  the  form  of  respiratory  trumpets  (mosquito 
pupae),  combs  (black  fly  pupae),  brushes  (midge  pupae),  etc.  With 
the  development  of  gills,  insect  larvae  have  become  indqiendent  of 
the  suriace.  Many  of  them  remain  wholly  submerged  through- 
out their  entire  larval  life.  A  few  of  them  have  prc^essed 
farther  from  shore  and  into  deeper  water.  Coretkra  has  been  aheady 
mentioned  as  a  plankton  organism.  A  few  larvae  of  midges  and 
a  few  caddis  worms  are  constant  denizens  of  the  bottom  silt  in  our 
deeper  fresh-water  lakes.  This  seems  indeed  considerable  prog- 
ress into  a  new  and  totally  different  environment,  when  one  re- 
members that  they  are  tied  by  parent^e  to  the  shore. 

It  is  to  be  noted  in  passii^  that  only  in  the  Coleoptera  and 
Hemiptera  has  the  adaptation  of  adults  and  immature  stages  been 
parallel.  In  the  other  groups  the  adults  do  not  live  in  the  water. 
The  possession  by  a  few  adult  insects  (Pteronarcys,  etc.,  among 
stoneflies,  and  Chirotonetes,  etc.,  among  Mayflies)  of  rudimentary 
gills  does  not  indicate,  as  was  once  thought,  that  this  is  the  primitive 
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coBdition ;  it  indicates  only  that,  in  these  relatively  primitive  forms, 
structures  developed  to  a  considerable  extent  upon  the  immature 
stages  have,  in  the  rapid  and  incomplete  transformation  these  under- 
go, been  carried  over  in  rudimentary  form  into  adult  life. 

Amoi^  aquatic  insects  are  many  beautiful  and  interesting 
forms.  Ilie  keys  and  figures  in  the  following  pages  should  enable 
anyone  who  has  learned'  the  parts  of  the  body  of  a  grasshopper, 
or  who  has  mastered  such  elementary  knowledge  of  insect  anatomy 
as  every  textbook  of  zoology  or  of  entomology  a£fords,  to  identify 
most  of  the  insects  he  will  find  in  the  water.  There  are  many  gaps 
in  our  knowledge  of  all  the  groups;  even  the  adult  insects  are  not 
well  known  except  in  the  showier  groups,  which  have  always  beoi 
more  attractive  to  the  collector;  and  so  many  immature  forms  are 
still  unknown,  it  has  been  found  impracticable  to  attempt  to  ^ve 
keys  even  to  the  genera  in  two  orders,  Plecoptera  and  Tridi(^tera. 
limitations  of  space  have  compelled  restriction  to  the  larger 
groups  among  the  Diptera.  In  most  of  the  groups  having  com- 
plete metamorphosis,  the  characterizations  of  the  immature  stages 
have  been  adapted  from  the  accounts  of  European  writers,  very 
little  having  as  yet  been  done  on  them  in  America.  Here  is  an 
attractive  field  in  which  the  amateur  and  the  isolated  student  may 
still  find  pioneer  work  to  do. 

It  is  the  purpose  of  this  chapter  to  assist  the  student  toward 
acquaintance  with  such  insects  as  he  may  find  in  the  water.  The 
limitations  of  space  allow  but  brief  notice  of  the  natural  history  of 
any  of  the  groups  and  restrict  the  keys  to  dealing  with  families  and 
genera.  The  aim  is  to  supplement  the  general  works  on  entomology 
and  not  to  duplicate  any  part  of  them.  Keys  to  the  orders  of 
adult  insects  are  available  in  a  number  of  manuals  and  textbooks, 
hence  there  is  need  here  only  to  point  out  the  readier  recognition 
marks  of  those  orders  which  commonly  occur  in  the  water,  and  to 
give  a  key  to  the  irmnature  stages. 

Recognition  Chahacters 
There  are  but  nine  orders  of  insects  commonly  toimd  in  water 
in  any  stage:  Plecoptera,  Odonata,  Ephemerida,  Hemiptera,  Neu- 
roptera,  Trichoptera,  Lepidoptera,  Coleoptera  and  Diptera. 
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The  Odonata  are  distinguished  by  the  vmation  of  the  wings, 
especially  by  the  possession  of  a  distinct  nodus  and  stigma  of  the 
type  shown  in  Fig.  138S. 

The  Ephemerida  are  distinguished  by  the  venation  of  the  wings 
(Fig.  1387),  and  by  their  proportions  and  their  extensive  corruga- 
tion. 

The  Hemiptera  are  distinguished  by  the  possession  of  a  jointed, 
sucking  proboscis,  directed  backward  beneath  the  head  and 
thorax. 

The  Trichoptera  are  distinguished  by  the  hairy  covering  of 
thdr  wings,  the  absence  of  jaws  and  proboscis  (palpi  are  pres- 
ent) and  by  a  type  of  venation  of  wings  similar  to  that  shown 
m  Fig.  1391. 

The  Lepidoptera  are  distii^uished  by  their  covering  of  powdery 
scales,  and  by  the  possession  of  a  coiled  sucking  proboscis. 

The  Coleoptera  are  distinguished  by  the  hardened  fore  wings 
(elytra)  meeting  in  a  straight  line  down  the  middle  of  the  back. 

The  Diptera  are  distinguished  by  the  possession  of  a  single  pair 
of  wings,  with  very  few  cross-veins  in  them  (Fig.  1378). 

The  other  two  orders,  Plecoptera  and  Neuroptera,  lack  the  above 
combinations  of  characters  and  may  be  readily  recognized  by  their 
general  likeness  to  figures  published  in  the  following  paragraphs 
devoted  to  them. 

Besides  these  nine  orders,  there  are  three  others,  of  slight  impor- 
tance in  the  life  of  the  water,  that  are  deliberately  ignored.  These 
are: 

(i)  The  Thysanura,  or  ^ringtails,  common  on  the  surface  of 
water,  but  not  living  in  it.  They  will  be  readily  recognizable,  if 
collected,  by  their  very  minute  size,  entire  abs^ice  of  wings,  mouth 
parts  retracted  within  the  head,  and  the  forked  spring  beneath 
the  abdomen  by  means  of  which  they  jump  freely. 

(2)  The  Orthoptera,  of  which  some  of  the  grouse  locusts  (family 
Tettigidae),  living  by  the  water  side,  occasionally  jump  in  and  take 
a  swim. 

(3)  The  Hymenoptera,  of  which  a  few  minute  egg  paraates, 
enter  the  water  as  adults  to  find  the  ^gs  of  their  aquatic  victims, 
and  these  swim  with  theu:  wings  {Potynana,  etc.). 
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Stonefues  {Order  Plecoplera) 

The  stoneflies  constitute  a  small  and  primitive  group  of  insects 
of  inconspicuous  coloration  and  rather  seaetive  habits.  They  are 
found  almost  excliisively  about  rapidly  flowing  water.  Every 
sprii^  brook  will  furnish  a  few  of  the  smaller  grayish  or  brownish 
species,  and  every  larger  rocky  stream  is  the  home  of  some  of  the 
larger  forms.  During  the  winter  months  the  small  black  Capnias 
appear,  often  in  great  abundance  on  the  surface  of  the  snow, 
Capnia  necydal&ides  appearing  usually  in  December,  and  Capma 
Pygmaea,  in  March.  Several  species  of  Taeniopteryx  appear  also  in 
March,  and  may  often  be  seen  on  mild,  sunshiny  days  by  the 
borders  of  creeks,  slowly  and  laboriously  flying  along  the  banks  on 
warm  afternoons.  Species  of  Nenuntra  appear  in  April,  emerging 
from  the  waters  of  cold  brooks,  and  making  short  flights  from  one 
gray  tree  trunk  to  another.  All  through  the  summer  the  larger 
species  are  emerging  from  rocky  streams,  but  these  are  very  se- 
cretive in  habits.  They  may  be  beaten  from  the  bushes  along  the 
stream  side,  but  are  oftenest  seen  in  numbers  about  street  Ianq>s 
and  are  easiest  collected  when  attracted  to  lights.  The  green 
stoneflies  {Chloroperla,  etc.)  fly  mainly  in  midsummer,  and  frequent 
the  fresh  foliage,  in  the  midst  of  which  they  are  quite  incon- 
spicuous. 

Rudimentary  wings  occur  in  a  niunber  of  the  genera,  Capnia, 
Taeniopteryx,  Pleronarcella,  Perla,  etc.,  and,  of  course,  the  wingless 
species  are  to  be  found  near  the  waters  from  which  they  emerge 
on  transformation  —  in  fact,  not  farther  therefrom  than  they  are 
able  to  run  or  climb.  The  males  alone  are  wingless  in  most  cases. 
The  eggs  of  the  females  are  practically  mature  at  transformation. 
While  there  is  dearth  of  observations  as  to  the  feeding  habits 
of  the  adults,  it  is  certain  that  they  will  lap  up  water  and  other 
fluid  substances,  and  the  small  grayish  species  eat  dead  grass  leaves 
and  other  solid  food.  The  mandibles  of  the  larger  forms  are  weak 
and  rudimentary.  TTie  adult  life,  therefore,  is  probably  very  brief. 
Concerning  the  egg-laying  habits  also,  there  is  dearth  of  actual 
observation.  Females  of  many  species  may  be  taken  when  carry- 
ing egg  masses  extruded  at  the  tip  of  the  abdomen;    but  just 
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where  these  are  deposited,  and  when  and  how,  are  matters  not 
yet  established.  One  species  of  Capnia,  an  undetermined,  late 
appearing  spedes  that  occurs  in  Lake  Forest,  111.  in  May,  is 
viviparous. 

The  nymphs  of  stonefiies  aie  much  easier  to  find  and  to  collect 
than  are  the  adults.    By  lifting  stones  or  other  obstructions  out 
of  the  bed  of  rapid  permanent  streams,  and  quickly  turning  them 
over  to  look  on  the  under  side,  the  nymphs  may  usually  be  seen 
lying  flat,  outspread,  with  widely  extended  legs  clutching  the  sur- 
face.    They  are  always  associated 
with  Mayfly  nymphs  of  similar  ap- 
pearance, but  are  easily  distinguished 
by  the  presence  of  two  claws  on  the 
tip  of  each  foot,  where  the  Mayfly 
nymphs  have  but  one,  and  by  the 
lack  of  gills  upon  the  dorsal  side 
of  the  abdomen.     The  nymphs  of 
larger  spedes,  as  Po'la  (Fig.  1354), 
are  not  easily  managed  in  ordinary 
aquaria.    They  cannot  live  long  in 
still  water,  and  soon  after  being 
placed  in  it,   they  manifest   their 
discomfort,  by  a  vigorous  swaying 
^  „        ^  ,        „    „  ,       of  the  body  up  and  down.     This 

motion  brings  their  tufted  gills  mto 
better  contact  with  tlie  water.  Rimning  water  aquaria  are 
essential  for  their  maintenance. 

Their  transformation  may  often  be  easily  observed  where  it 
occurs  naturally  out  of  doors.  It  always  takes  place  near  to  the 
edge  of  the  water.  Often  rocks  that  project  but  a  few  inches  above 
the  surface  are  favorite  places  of  emei^ence,  and  the  exposed  sur- 
faces of  these  may  sometimes  be  found  covered  several  layers  deq> 
with  the  skins  of  the  nymphs  that  have  come  from  the  bed  of  the 
adjacent  parts  of  the  stream.  Transformation  usually  occurs  at 
n%ht,  but  early  and  late  stragglers  may  often  be  found  by  mom- 
ii^  or  evening  l^t.  The  change  from  nymph  to  adult  is,  for  insects, 
comparatively  sl^t:  wings  and  accessory  reproductive  organs  are 
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perfected,  and  r^ressive  development  of  gQls,  external  armor,  and 
feeding  apparatus  occurs,  but  the  change  of  form  and  of  prop^tlons 
of  the  body  is  slight. 

The  nymphs  of  stoneflies  are,  so  far  as  known,  caimvorous: 
th^  feed  on  the  nymphs  of  Mayflies,  on  the  larvae  of  caddisflies 


EMI.  1355-    Plenxanyi  dertalt,  adtitt  (cmals.         Vta.  isSB.    PUnmanji  ion^a,  tfam  ajmft. 

and  small  diptera  and  perh^s  on  the  yomig  of  other  stonefiies. 
They  are  th^nselves  the  food  of  the  trout  and  of  other  fishes  that 
frequent  swift  waters.  Hudson  has  demonstrated  the  importance 
of  stoneflies  as  fish  food  in  the  motmtain  streams  of  New  Zealand. 
Adults  and  nymphs  are  equally  serviceable  for  bait  in  all  our 
mountain  streams. 

While  no  keys  to  the  genera  of  the  nymphs  of  stoneflies  have  yet 
been  published,  if  the  adults  are  known,  the  nymphs  may  be 
readily  determined  by  comparison,  for  the  wing  venation  is  fully 
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devel(^>ed  in  the  wing  pads  of  the  nymph  and  is  comparable  io 
close  detail  with  that  of  the  adult.  It  is  only  necessary  to  remove, 
as  with  a  sharp  razor,  the  wing  pads  from  a  well-grown  nymph, 
yom^  enov^  so  that  the  wings  will  not  be  already  cnunpled 
within  their  sheaths,  mount,  and  examine  with  the  microscope. 
Since,  however,  it  is  easier  to  get  nymphs  than  adults,  and  nymphs 
only  will  often  be  available,  the  following  hints  may  be  of  assistance 
in  their  recognition.  Pteronarcys  (Figs.  1355  and  1356)  alone  has 
gills  upon  the  first  two  segments  of  the  abdomen.  Taeniopteryx  alone 
has  three-jointed,  telescopic  gill  filaments  attached  singly  at  the  base 
ofj  the  coxae.  PeUoperla  alone  has  conic-pointed  gill  filaments,  in 
a  few  small  clusters,  concealed  mider  the  flaring,  overarched  mar- 
gins of  the  thoracic  segments.  Perla  and  its  allies  have  copious 
tufts  of  fine  gill  filaments  before  and  behind  the  bases  of  all  legs. 
Chhroperla  and  its  allies,  and  Capnia  and  Leuclra  altt^ther  lack 
gills. 

Mayfues  {Order  Ephemerida) 

The  Mayflies  constitute  a  small  group  of  very  fragile  insects, 
all  of  which  are  aquatic  in  their  earlier  stages.  They  abound  in 
all  fresh  waters,  both  swift  and  stagnant.  Some  of  tlie  larger  May- 
flies are  very  well  known,  indeed,  from  their  habit  of  transforming 
all  at  one  time  and  appearing  in  great  swarms  along  shores  of  lakes 
(Fig.  1357)  and  banks  of  the  laiger  streams.  They  fly  to  lights 
at  night,  and  sometimes,  under  the  arc  tamps  in  city  streets,  they 
accumulate  in  such  heaps  as  to  require  removal  in  wagons.  Such 
concerted  appearance  of  the  adults  of  a  single  species  gives  some 
conception  of  the  abundance  of  individuals  that  may  live  and  grow 
up  together  in  a  restricted  area;  but  it  is  to  be  borne  in  mind  that 
there  are  scores  of  other  species  livii^  in  the  same  waters,  the 
adults  of  which  are  rarely  seen  in  numbers,  of  which  the  individuals 
are  probably  quite  as  ntmierous.  When  their  period  of  trans- 
formation is  extended  through  the  summer  season  and  their 
habits  are  not  gregarious,  but  solitary  and  secretive,  they  may 
entirely  escape  the  notice  of  the  casual  observer. 

Mayflies  are  famed  for  their  ephemeral  existence  —  for  Kving  as 
.adults  but  a  day.    They  are  peculiar  among  insects,  in  that  they 
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moult  their  external  chitinous  skin  once  again  after  they  transform 
from  the  nymphal  form  to  that  of  the  adult.  It  is  chiefly  these 
callow  and  immature  adults  (known  to  the  books  as  sub-intagos, 
and  to  British  fishermen  as  duns)  that  fly  to  lights..  Emerging 


Fio.  nsj.    Huflla  filteD  beoatta  id  dcctitc^dit  poit  on  Lake  Erie.    (Fbotognpb  by  ProfcMV 
B.  S.  Jnuiiwi.) 

from  a  rent  in  the  back  of  the  old  nymph  skin,  they  ^read  their 
newly  expanded  wings  and  rise  feebly  into  the  air,  and  if  a  light 
be  near,  they  swarm  to  it;  otherwise  th^  settle  upon  any  conven- 
ient tree  or  building,  and  sit  stiffly  (Fig.  1358)  with  uplifted  wings 
until  ready  for  their  final  moidting.    This  may  occur  within  a  few 
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minutes,  as  in  Caenis,  or  it  may  be  delayed  twenty-four  hours  or 
more,  as  in  most  of  our  larger  species.  Caenis  probably  lives  but  a 
few  hours  after  leaving  the  water;  but  the  larger  forms  live  through 
two  days,  their  transformation,  from  the  nymph  occurs  in  one  night, 


Flo.  liiS.    A  newlr-ancigcil  MiySy.  Saatenia  Hlincala. 

their  final  moult  the  next  night,  and  their  period  of  adult  activity 
and  egg-laying  and  their  death  the  next  evening. 

The  adults  are  peculiar  in  the  venation  of  their  wings  (Fig.  1387) 
and  in  the  extent  of  the  longitudinal  furrowing  of  the  same,  in 
the  lack  of  functional  mouth  parts  and  in  the  buoyant  function 
assumed  by  the  alimentary  canal,  which,  being  no  longer  used  for 
food,  is  filled  with  air.  While  highly  specialized  in  most  respects, 
one  very  generalized  character  has  been  retained  in  the  group: 
the  openings  of  the  oviducts  of  the  female  are  paired  and  separate. 

The  males  of  most  species  indulge  in  graceful  ante-nuptial 
flights,  that  to  the  observer  appear  most  delightful  and  exhilarating. 
They  assemble  in  httle  companies  and  dance  up  and  down,  alter- 
nately rising  and' falling,  flying  upward  and  fallii^  down  agfun  on 
outspread  wings  in  long  vertical  lines.  The  crepuscular  species 
such  as  Ephemera  and  Hexagenia,  that  compose  the  well-known 
swarms,  fly  out  over  the  surface  of  the  water,  where  the  females 
meet  the  males,  and  afterwards  settle  down  upon  the  surface  of  the 
water  to  liberate  their  eggs.    Caenis  swarms  over  the  edge  of  the 
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vater  just  as  darkness  falls.    Some  of  the  less  nocturnal  species, 
as  Leptophlebia  and  Choroterpes,  swarm  out  in  tlie  sunlight  in 
sheltered  places  of  late  afternoons,  or  dance  up  and  down  among 
the  mixed  shadows  and  sunlight  beneath  the 
canopied  crowns  of  tall  stream-side  forest  trees. 
The  females  of  Baetis  creep  beneath  stones  at 
the  surface  of  the  water  and  deposit  their  eggs  in 
single-layered  patches  just  beneath  the  surface. 

The  adult  life  of  Mayflies  is  truly  ephemeral 
and  is  concerned  wholly  with  reproductioa;  and 
the  struggle  for  existence  is  transferred  largely  to 
the  immature  stages.  The  nymphs  are  highly  and 
independently  specialized.  They  are  adapted 
to  all  sorts  of  aquatic  situations.  A  few,  like 
Hexagenia,  Ephemera,  and  Polymitarcys  (Fig. 
1359),  are  burrowers  beneath  the  bottom  silt. 
A  few,  like  Caenis  and  Ephemerella,  are  of  seden- 
tary habits  and  live  rather  inactively  on  the  '^°- J?iJ;,iJSj."i!£*"' 
bottom,  and  on  silt-covered  stems.  Many  are 
active  climbers  among  green  vegetation;  such  are  CaUHaetis  and 
Blasiurus;  and  some  of  these  can  swim  and  dart  about  by  means  of 
synchronous  strokes  of  tail  and  gills  with  the  swiftness  of  a  minnow. 
The  ^>ecies  of  Leptophlebia  love  the  beds  of  slow-flowing  streams, 
and  all  the  flattened  nymphs  of  the  Heptageninae  live  in  swiftly  mov- 
ing water,  and  manifest  various  degrees  of  adaptation  to  withstand- 
ing the  wash  of  strong  currents.  The  form  is  depressed,  and  margins 
of  the  head  and  body  are  thin  and  flaring,  and  can  be  appressed 
closely  to  the  stones  to  deflect  the  current.  So  diverse  are  the 
nymphs  in  form  that  the  genera  may  be  distinguished  among  them 
by  a  beginner  more  easily  than  among  the  adult  Mayflies. 

Mayfly  nymphs  feed  largely  on  dead  vegetable  substances  —  the 
decaying  stems  and  leaves  of  aquatic  plants.  They  are  of  first 
importance  in  the  food  of  fishes.  But  we  are  as  yet  largely  in 
ignorance  of  the  conditions  that  make  for  their  abundance. 

The  study  of  this  group  has  been  greatly  neglected  by  entomol- 
ogists, and  our  Mayfly  fauna  is  very  insufficiently  known.  The 
ecology  of  the  immature  stages  is  especially  m  need  of  investigation. 
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Dragonfues  and  Dauselflces  ^dar  Odonata) 

This  is  another  isolated  group  of  insects,  lai^er  in  size  and  of 
stroller  build.  All  our  representatives  of  the  group  are  aquatic 
in  their  earlier  stages,  but  there  are  a  few  Hawaiian  damselflies 
whose  nymphs  live  out  of  the  water,  on  moist  soil  under  the  leaves 
of  liliaceous  plants.  All  members  of  the  order  are  carnivorous  in 
all  stages.  They  are  indeed  among  the  most  important  of  cami' 
vorous  forms  about  the  shores  of  all  fresh  waters. 

The  wings  of  the  adults  are  strongly  developed  and  have  a 
peculiar  venation  (Fig.  1388).  The  legs  are  not  used  for  walking, 
but  only  for  perchii^;  to  facilitate  perching  on  vertical  stems, 
they  are  set  far  forward  and  graduated  in  length,  so  that  they  hold 
the  body  when  at  rest  in  a  more  or  less  horizontal  position.  This 
facilitates  quick  stopping  and  starting  again.  Correspondingly 
the  wings  are  shifted  far  backward,  and  tilted  upward  at  their 
fore  margins,  and  the  side  pieces  of  the  thorax  are  askew. 

The  males  are  pecuUar  also  among  the  orders  in  having  the 
accessory  organs  of  reproduction  (copulatory  apparatus)  developed 
upon  the  ventral  side  of  the  second  abdominal  segment,  far  re- 
moved from  the  opening  of  the  sperm  ducts  upon  the  ninth  segment. 
TTie  eyes  are  very  highly  developed,  and  the  antennae  are  minute 
and  setaceous.  In  this  they  resembl  the  preceding  order  Ephem- 
erida,  but  the  two  groups  as  they  exist  to-day  are  highly  differenti- 
ated from  each  other,  although  more  or  less  intermediate  fossil 
forms  point  to  their  conmion  origin  in  the  past. 

Among  the  dragonffies  are  many  superb  flyers.  The  speed  on 
the  wing  of  Tramea  and  Anax  equals,  and  their  agility  exceeds, 
that  of  swallows.  They  all  capture  their  prey  in  flight,  and  are 
dependent  on  their  wings  for  getting  a  living.  But  the  habit  of 
flight  is  very  different  in  different  groups.  Only  a  few  of  the 
strongest  forms  roam  the  upper  air  at  will.  There  is  a  host  of 
beautiful  spedes,  the  skimmers  or  Libellulidae  (Fig.  1360),  that 
hovers  over  ponds  in  horizontal  flight,  the  larger  species  on  tireless 
wings,  keeping  to  the  higher  levels.  The  stronger  flying  Aeschmdae 
course  along  streams  on  more  or  less  regular  beats:  but  the  Gom- 
phiiLes  are  less  constantly  on  the  wing,  flying  usually  in  short 
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sallies  from  one  resting  place  to  another,  and  alighting  oftener  od 
stones  or  other  flat  surfaces  than  on  vertical  stems. 

The  damselflies  are  not  such  good  flyers.  The  common  black- 
wing  Caiopteryx  (Fig.  1361)  may  usually  be  seen  fluttering  gaUy 
about  the  borders  of  creeks,  but  most  damselflies  are  little  in 


evidence,  and  confine  their  locomotion  to  flitting  from  stem  to 
stem  amid  the  shelter  of  vegetation. 

The  dragonflies  eat  other  insects  in  vast  numbers  and  in  great 
variety.  A  large  part  of  their  food  consists  of  small  diptera:  and 
because  many  of  these  small  diptera  are  noxious  fpedes,  mos- 
quitos,  etc.,  an  extended  inquiry  was  once  made  as  to  the  feasibili^ 
of  using  dragonflies  to  remove  these  pests:  it  appeared  that  dragtui- 
flies  are  not  at  all  discriminating  in  their  feeding,  and  will  as  readily 
eat  useful  as  noxious  species.  Then,  too,  they  eat  other  dragonflies, 
apparently  preferring  forms  that  are  only  a  little  smaller  than  than- 
selves.  Hagenius,  for  example,  eats  Gompkus,  and  Gompfms  eats 
Mesothemis,  and  Mesoihemis  eats  Lestes,  and  Lestes  eats  Argia, 
and  Argia  eats  Iscfmura,  and  so  on  from  the  greatest  even  unto  the 
least  of  them. 

Many  dragonflies  are  eaten  by  birds  and  other  animals  at  their 
transformation,  before  they  are  able  to  fly  and  escape;  and  some 
of  those  that  are  not  very  strong-flying  are  eaten  habitually  by 
birds  —  the  smaller  Libellulines  by  king-birds,  and  the  smaller 
damselflies  by  swallows.  But  it  is  doubtful  whether  anything  that 
flies  is  able  to  capture  in  flight  one  of  the  swiftest  dr^onflies. 
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There  is  much  diversity  of  egg-laying  habits  in  the  order.  All 
the  damselflies  and  many  dr^onflies,  especially  Aesduwke,  are 
provided  with  an  ovipositor,  by  means  of  which  punctures  are 
made  in  the  stems  of  aquatic  plants,  in  logs,  in  wet  mud,  etc.,  for 
the  rec^tion  of  the  eggs.  The  e^s  are  placed  smgly  in  the  punc- 
tures, and  usually  just  below  the  surface  of  the  water;  but  a  few 
damselflies  descend  the  stems  to  place  them  deeper,  and  some 
species  of  Lestes  place  them  habitually  in  the  stems  above'  the  sur- 
face. Here  they  are  subject  to  the  attack  of  egg  parasites.  The 
females  of  those  dragonflies  that  lack  a  well-developed  ovipositor 
drop  their  eggs  upon  the  surface  of  the  water  while  in  flight  (usually 
descending  to  touch  the  surface,  and  thus  to  wash  them  free), 
whereupon  the  eggs  scatter  and  fall  to  the  bottom;  or,  they  settle 
on  some  plant  stem  at  the  surface  and  hang  them  in  gelatinous 
masses  about  the  stem.  In  certain  of  the  Cordulinae  these  masses 
are  long  gelatinous  strings,  containing  many  hundreds  of  eggs.  It 
is  easy  to  get  the  eggs  of  most  Libellulines  for  study.  When  a  fe- 
male is  seen  tipping  the  surface  of  the  jmter  with  her  abdomen 
while  in  flight,  if  she  be  captured  uninjured  and  held  by  the  tips 
of  the  fore  wings  Qeaving  the  hind  wings  free)  and  dipped  against 
the  surface  of  the  water  in  a  glass,  in  imitation  of  her  own  motion 
while  at  large,  she  will  usually  liberate  eggs  in  great  abundance  in 
the  water.  These  require  about  three  we^  for  hatching,  and  the 
nymphs  begin  to  eat  each  other  early  in  life. 

There  are  nymphs  of  Odonata  in  all  sorts  of  fresh  water.  Those 
of  some  of  the  lai^r  active  spedes  clamber  about  freely  among 


a,  CtltftTyr;  b,  Lola. 

water  weeds,  and  even  chase  their  prey,  creeping  stealthily  upon  it 
until  within  range.    Most  damselflies  (Fig.  1361)  clamber  about 
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among  green  steins,  where  they  are  quite  inconspicuous.  But 
nearly  all  dragonfly  nymphs  get  their  living  by  waiting  in  hiding 
for  the  approach  of  their  prey,  and  comparatively  few  of  them  roam 
freely  about  in  the  water.  Most  of  the  Libellulidae  are  bottom 
^rawlers  (Fig.  1362) ;  most  of  the  Gomphines  are  burrowers  beneath 


FlO.  ij6i.    Tbc  ipnutiag  nymph  of  DUymef  froxmria. 

the  bottom  sUt,  and  the  nymphs  of  Cordulegaster  are  ei7>ert 
ambuscaders,  scratching  a  hole  in  the  sand  of  the  bottom  and 
getting  into  it,  kicking  the  sand  up  over  their  backs  until  covered 
excepting  the  tips  of  the  eyes  and  of  the  respiratory  orifice  at 
the  end  of  the  abdomen,  and  lying  in  wait  until  some  imsuspecting 
little  animal  suitable  for  food  wanders  witliin  reach. 

The  chief  organ  for  capturing  prey  in  the  nymphs  of  all  the 
Odonata  is  the  remarkably  developed  labium  (Fig.  1389A),  whidi 
has  become  elongated,  hinged  in  the  middle  and  folded  back  under 
the  thorax.  It  has  acquired  a  fonnidable  array  of  grappling  hooks 
and  spines  at  its  tip.  It  is  often  longer  than  the  fore  legs  whm 
extended  and  possesses  muscles  capable  of  extending  it  with  light- 
ning-like speed.  It  is  thrown  forward  and  opened  by  a  ^ngle 
mov^nent,  and  when  it  closes  on  its  victim  it  is  withdrawn  again 
instantly,  dragging  the  struggling  captive  back  imder  the  jaws, 
which  then  come  into  play. 

The  problem  of  getting  air  has  been  solved  in  two  ways  in  the 
nymphs  of  the  two  suborders  of  Odonata.    In  the  damselflies 
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^^- 1363)*  there  are  developed  three  more  or  less  leaflike  gills  upon 
the  tip  of  the  abdomen,  and  these  are  traversed  by  fine  tracheae, 
and  doubtless  assist  in'  getting  air,  although  not  entirely  essential 
to  that  end.    In  the  larger  dragonfly  nymphs  there  is  developed 


Fn.  1563.    He  nympb  of  Iickmun  terlUaiii. 

within  the  abdomen  a  respiratory  chamber  made  out  of  the  hinder 
portion  of  the  modified  alimentary  canal.  Through  the  action  of 
the  abdoroinal  muscles,  the  water  is  alternately  drawn  into  this 
and  expelled  again.  This  chamber  is  lined  with  multitudes  of 
tracheal  ^lls,  and  abundantly  supplied  with  tracheae,  constitut- 
ing the  most  perfect  aquatic  respiratory  apparatus  developed  in 
insects. 

Transformation  occurs  in  most  Odonata  very  close  above  the  sur- 
face of  the  water.  The  larger  species  transform  for  the  most  part 
at  night:  the  damselflies,  at  any  time.  The  period  of  half  an  hour 
or  more  required  for  drying  the  wings  before  sustained  flight  is 
possible  is  a  time  of  great  peril  in  the  life  of  the  dragonflies.  It  is 
a  time  of  opportunity,  however,  for  the  collector  of  life  history 
material. 

Water  Bugs  {Order  Hemipiera) 

A  small  part  of  this  great  order  is  aquatic;  a  number  of  families 
are  well  adapted  for  life  in  the  water;  a  few  run  over  the  surface 
and  a  few  others  live  habitually  on  the  wet  shores  and  forage  in  the 
flotsam  and  drift  of  the  waves.  Adults  and  nymphs  are  of  similar 
habits  and  are  generally  sufi&dently  alike  in  structure  for  ready 
idoitification,  the  metamorphosis  being  slight.  All  are  distin- 
guished from  the  members  of  other  groups  by  the  possession  of  a 
jointed  puncturing  and  sucking  proboscis  that  is  directed  backward 
beneath  the  head.    The  famihes  are  so  diverse  in  structure  that 
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here  again  is  given  evideace  of  indq>endent  adaptation  to  aquatic 
Kfe,  and  nowhere  could  be  found  more  complete  inteigradation  of 
habits  between  terrestrial  and  shore-loving  forms  and  those  that 
dwell  in  the  water. 

The  shore  bugs  (Acanthlidae)  and  toad  bugs  (Pelogonidae)  are 
essentially  terrestrial;  the  marsh  treaders  (Hydrianetridae),  wattt 


Fio.  1364.    A  ^ut  wUa  bug,  Btacaa,  dinging  to  >  verticil  nufue  under  mtcf. 

striders,  skaters,  etc.  (Veliidae  and  Crerridae),  have  passed  out  upon 
the  surface,  a  few  of  them  having  acquired  the  ability  to  dive  and 
swim.  The  Nepidae  and  Belostomatidae  are  fairly  adapted  forms 
that  do  not  depart  far  or  long  from  the  surface  of  the  water,  and 
only  the  Corixidae  and  Notonectidae  have  acquired  very  highly 
specialized  apparatus  for  swimming  and  for  carrying  down  a  copious 
ail  supply. 

There  are  no  tracheal  gills  developed  in  this  order.  Nymphs 
and  adults  alike  must  come  to  the  surface  for  air.  They  are  easily 
collected  by  sweeping  aquatic  vegetation  with  a  dip  net.  The 
Corixidae  stick  more  closely  to  the  bottom  than  do  other  forms. 
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Transfonnation  occurs  in  the  water,  and  is  only  a  little  more 
of  a  change  than  are  the  earlier  nymphal  moults.  The  adults  of 
many  genera  fly  from  one  body  of  water  to  another,  and  a  few  of 
the  largest  forms  (Fig.  1364)  have  a  habit  so  well  known  of  flying 
to  electric  lights  at  night  that  they  have  been  denominated  "  electric 
light  bugs. "  These  immense  bugs  are  among  the  most  powerful 
members  of  the  order;  the  largest  of  the  dragon  fly  nymphs  are  no 
match  for  them;  they  will  frequently  attack  and  kill  frogs,  and 
they  have  even  been  found  preying  on  woodpeckers,  presumably 
encountered  in  flight.    Their  weapon  of  offense  is  the  stout  beak, 


which  is  capable  of  making  painful  wounds.  Even  the  smaller 
forms  of  NoUmecla  (Fig.  1365)  can  puncture  the  fingers  of  the 
collector  if  carelessly  handled. 

The  eggs  of  the  more  strictly  aquatic  members  of  the  family  are 
fairly  well  known.  Those  of  Benacus  (Fig.  1366)  and  Amorous 
are  deposited  on  the  vertical  stems  of  Typka,  etc.,  above  the 
surface  of  the  water;  these  are  amoi^  the  largest  of  insect  eggs. 
iTiose  of  the  Nepidae,  Nepa  and  Ranatra,  are  distinguished  by 
long  append^es  at  the  micropylar  end,  and  are  inserted  into  the 
soft  tissues  of  plants  —  into  rotten,  water-soaked  wood,  or  into 
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green  herbs.  Those  of  NoUmecta  are  deposited  singly  on  the  sides 
of  plant  stems  under  water,  and  those  of  Corixa  are  deposited  in 
sonilar  places  or  stuck  on  to  the  back  of  crawfishes. 

The  surface-haunting  forms  are  characteristically  of  scavenger 
habits,  eating  the  insects  of  all  sorts  that  fall  upon  the  surface  of 


Pia.  i5«6.    The  egp  of  Uk  giuil  witn  bug.  Btmaeni.  an  the 

but  o(  ■  Typbt  wtm. 

the  water;  while  the  more  strictly  aquatic  bugs  are  truly  predatory 
with  the  possible  exception  of  the  minute  PUa,  which  is  believed 
not  to  be  carnivorous  at  all.  The  highly  specialized  Corizidae  are 
able  to  remain  wholly  submerged  for  long  periods.  They  clamber 
about  amid  the  debris  of  the  pond  bottom,  and  when  they  come  to 
the  surface  for  air,  they  do  not  remain  there,  but  quickly  descead 
again  to  the  shelter  of  the  bottom  trash.  Of  all  Hemiptera  these 
aie  the  ones  most  commonly  eaten  by  fishes. 
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DoBSONS,  Fish  Flies,  Spongilla  Flies  (Order  Neuroplera) 
But  two  families  of  this  great  and  heterogeneous  order,  as  now 
commonly  restricted,  are  aquatic,  and  these  in  their  larval  stages 
only.  The  larvae  of  all  the  members  of  the  small  family  SiaJididae 
are  free-ranging  carnivorous,  aquatic  forms,  and  in  the  family 
Hemerobiidae,  there  are  a  few  genera  whose  larvae  live  in  the 
water.  These  two  families  are  so  very  different  in  every  respect 
that  they  are  better  considered  separately. 

SiALiDiDAE.  Here  belong  a  few  of  the  most  primitive  of  insects 
having  complete  metamorphosis:  the  orl  flies,  fish  flies,  dobsons, 
etc.  They  are  mostly  of  large  size,  and  are  provided  with  ample 
wings,  which,  however,  serve  but  rather  poorly  for  flight.  The 
dobsons  are  among  the  largest  of  insects,  and  their  larvae,  known 
to  the  fishermen  as  hellgrammites,  are  famous  as  bait  for  black  bass. 
They  are  found  in  swift  streams  beneath  the  stones,  where  they 
cling  securely  by  means  of  their  stout  kgs,  aided  by  a  pair  of  stout- 
clawed  processes  at  the  end  of  the  body.  They  are  provided  at 
the  sides  of  the  abdomen  with  paired  lateral  fleshy  processes,  and 
at  the  base  of  each  ol  these  there  is  a  lai^e  tuft  of  fine  tracheal  gills. 
TTiey  are  blackish,  ugly-looking  crawlers,  of  slow  growth,  requiring 
^patently  several  years  to  develop.  When  grown  they  crawl 
out  on  shore  and  seek  a  smtable  place  beneath  a  1(^  or  stone; 
for  the  pupae  are  not  aquatic.  The  adult  female  lays  her  eggs  in 
broad  flat  masses  on  stones  or  timbers  above  the  edge  of  the  water, 
and  covers  them  over  with  a  chalky  white  incrustation.  The 
eggs  are  piled  several  layers  deep  and  are  very  numerous.  On 
hatching  the  young  fall  into  the  water,  and  be^  at  once  their 
predatory  existence.  But  one  species  of  dobson  is  found  in  the 
eastern  United  States,  the  conmion  Corydaiis  comuta  L.  The 
fish  flies  (Chauliodes)  are  insects  of  sunilar  appearance  .and 
habits,  about  half  as  large  as  the  dobsons,  having  an  expanse 
of  wii^  of  about  one  and  a  half  inches.  Their  larvae  usually  fre- 
quent still  water,  where  they  clamber  over  and  under  logs.  A 
rotten  log  on  shore  furnishes  the  favorite  place  for  the  excavation 
of  a  pupal  chamber.  The  eggs  are  laid  above  the  water  in  naked 
patches  of  one  or  more  layers  on  either  dead  wood  or  green  leaves. 
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The  orl  flies  {Sialis)  are  still  smaller  having  an  expanse  of  wing  of 
an  inch  or  less.    They  are  plain,  blackish  in  color,  and  rather 
secretive  in  habits.    Sometimes  they  occur  in  such 
numbers  as  to  blacken  the  herbage  about  the  pond 
border.    The  larvae  (Fig.  1367)  live  among  the  stones 
and  gravel  in  the  bed  of  brooks,  and  in  the  borders 
of  ponds,  and  transform  in  the  wet  sand  on  shore. 
They  are  readily  distinguished  from  other  larvae 
by  the  long  tail-like  prolongation  of  the  last  seg- 
ment of  the  body.    The  female  lays  her  eggs  (Fig. 
1368)  in  broad,  single  layered,  blackish  patches  on 
some  stick  or  timber  above  the  surface  of  the 
water.     The  lateral  filaments  of  the  abdomen  in 
Siaiis  are  thin-skinned,  and  contain  tracheae,  and  it 
is  possible  that  they  serve  as  organs  of  respiration; 
there  are  no  additional  clusters 
of  fine  gills  at  their  bases.    Un-  p^  .^^^  t,^,^ 
like  the  foregoing,  these  larvae     "J;^,  "^■^'^ 
descend  into  the  bottom  silt 
and  burrow  through  it,  and  their  long  ab- 
dominal filaments  are  close  laid  on  the  back, 
as  are  the  gills  of  the  burrowing  Mayfly 
nymphs, 
ori  Sy;  baa  m  ^ocnph.        There  is  a  Striking  general  similarity  be- 
tween the  larvae  of  the  SiaUdidae  and  those 
of  the  more  generalized  carnivorous  Coleoptera. 

Hemeeobiidae.  Only  two  genera  in  this  large  family  of  attrac- 
tive insects  are  aquatic  in  our  fauna,  Climacia  and  Sisyra  (Fig.  1369). 
These  are  small  insects,  half  an  inch  or  less  in  expanse  of  wing, 


Fig,  1369.    A  ipongUU  By,  5u]mi. 

the  former  yellow  and  brown  in  color,  the  latter,  plain  brown. 
Nothing  is  known  of  the  feeding  habits  of  the  adults.    Their  larvae 
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(Fig.  1370)  feed  upon  fresh-water  sponges,  and  live  within  the  oate- 
oles  of  the  same,  or  in  depressions  on  the  exterior  of  the  sponge  mass. 
They  puncture  the  tissue  of  the  sponge  with  their  long  decurved 
sucking  mouth  parts.    The  paired  appendages  of  the  abdominal 
s^mentsare  bent  downward  underneath  the  body,  and  curiously 
angulated;  they*  are  moved  back  and  forward  with  a  rapid,  inters 
mittent,  shuttle-like  vibration.     In 
the  well-grown  larvae,  the  stomach 
has  no  posterior  opening,  and  the 
spo:^  substance  taken  up  through 
the  slender  proboscis  appears  to  be 
wholly  absorbed.     Correspondingly, 
the  posterior  part  of  the  alimentary 
canal  and  its  appendages  are  put  to 
a  new  use.     The  malpighian  tubules, 
or  nephridia,  are  metamorphosed  in 
large  part  into  silk  secreting  organs, 
the  rectum  into  a  silk  reservoir,  and 
the  terminal  aperture  into  a  spin- 
neret.   When  grown  the  larva  leaves 
the  water  and  climbs  to  some  suitable 
supporting  surface,  and  spins  with  this 
apparatus  first  a  wide  canopy  over 
itself,  and  then  a  closer  fitting  inside 
cocoon.    Climada  weaves  the  outer 

covering    in  a  beautiful    hexagonal         ^^  ,^„   n^  br«  of  51^. 
mesh;  Stsyra  makes  both  coverings 

plain  and  close  woven.  Notliing  is  known  of  the  feedmg  or  egg- 
laying  habits  of  the  adult,  or  of  any  other  particulars  except  that 
they  are  sparingly  attracted  to  lights. 

It  should  be  mentioned,  perhaps,  in  passing,  that  the  immature 
st^es  of  another  genus  of  Hemerobiidae,  Polysloechotes,  the  genus 
containing  our  largest  representatives  of  the  family,  are  as  yet 
unknown. 


.dbyCoogle 


FRESH-WATER  BIOLOGY 


The  Caddisflies  {Order  Trichopiera) 
The  caddisflies  constitute  a  lai^e  group  of  insects,  nearly  all  of 
which  are  aquatic  in  their  immatuie  stages.  Among  the  adults 
are  many  pretty  species  of  soft  colors  and  great  elegance  of  form. 
Having  rudimentary  mouth  parts  they  are  short-lived.  Hiey  are 
chiefly  nocturnal  in  habits  and  fly  to  lights,  often  in  great  num- 
bers. Some  are  diurnal  and  hover  over  water  in  long  sustained 
horizontal  flight;  others  dance  up  and  down  in  companies  under 
the  shelter  of  streamside  trees.  No  insects  are  more  common 
about  the  wharf  lights  on  the  shores  of  our  great  lakes. 

The  larvae  exhibit  great  diversity  of  structure  and  habits.  Much 
excellent  work  has  been  done  on  them  in  Europe,  but  our  American 
forms  are  little  known.  The  most  familiar  larvae  are  the  well 
known  "caddisworms"  that  construct  portable  cases  (Fig.  1371), 


Fia.  1371.    C«ldi» 


in  which  to  live,  and  carry  them  about  on  their  backs.  These 
cases  are  made  out  of  a  great  variety  of  materials:  sticks,  small 
stones,  sand  grains,  bits  of  shell,  of  leaves  or  of  bark;  in  short,  almost 
any  solid  material  smtably  small  and  available.  In  many  species 
the  construction  of  the  cases  is  so  uniform  in  pattern  and  materials 
that  the  larvae  may  be  known  by  the  houses  which  they  drag 
about.  The  larvae  of  the  Phrygeaneidae  construct  cylindrical  cases 
made  of  bits  of  stems,  grass,  etc.,  placed  lengthwise  in  a  continu- 
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ous  ^iral  baud;  the  larva  of  Helicopsyche  builds  out  of  sand  grains 
a  spirally  coiled  case,  shaped  like  a  snail  shell.    The  materials 
of  the  case  are  always  stuck,  together  by  means  of  the  secretion  of 
the  salivary  glands.    Usually  the  cases  aie  cylindrical  but  sometimes 
they  are  triangular,  or  square  in  cross-section.     Usually  the  sticks 
used  are  placed  lengthwise,  but  sometimes  crosswise,  as  in  stick 
chimneys,  to  make  the  bulky  and  cumbersome  dwellings  of  some 
of  the  Limnophilidae.    Sometimes,  on  the  other  hand,  they  are  con- 
structed so  light  and  thin  as  to  offer  Uttle  hindrance  to  free  loco- 
motion, and  a  few  larvae  with  well-developed  swimming  fringes  on 
their  long  oarlike  feet  swim  freely 
about.    In  the  cases  that  are  con- 
structed by  most  larvae  of  the  two 
families    Hydroptilidae    (Fig.    1372) 
and  RhyacophiUdae,  no  extraneous 
materials  are  used,  but  only  the  se- 
cretion of  the  salivary  glands;  these 
cases  are  therefore  thin  and  parch- 
ment-like.   Most    members    of    the 
great    family  Hydropsychidae  make 
no  portable  cases  at  all,  but  only 
runways  in  the  crevices  between  the 
stones  in  streams;   these   they  line 
with  silken  threads.     Some  of  these 
larvae,  among  which  are  the  com- 
monest members  of  the  genus  Hydro- 
psyche,  to  be  found  in  every  swift 
stream,  spm  webs  of  open  mesh,  like  left,  Bhmi  on tiu right, ipupkoi  uotiKr 

_   ,  ,  .  ,     .  , ,  Bnaller  Bsciu,  within  its  tiuspannt  cue. 

fishermen  s  semes,  out  from  the  up- 
stream ends  of  their  tubes  or  nmways;  clearly,  this  is  for  the 
purpose  of  catching  any  little  organisms  set  adrift  in  the  stream. 
These  are  mainly  carnivorous  larvae;  many  members  of  other 
famiUes  have  a  mixed  diet  of  vegetable  and  animal  food,  but  a 
goodly  number  are  characteristically  herbivorous. 

There  are  caddisfly  larvae  for  all  sorts  of  waters,  and  for  wet 
situatioQS,  or  mossy  banks.  A  few  species,  accompanying  the 
"blood  worms,"  have  migrated  far  out  on  the  bottoms  of  our  larger 
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lakes  into  deep  water.  The  gills  of  the  caddisfly  larvae  are  always 
of  the  filamentous  type,  never  lamelliform.  They  are  wanting  in 
members  of  several  families,  and  are  variously  di^Msed  about  the 
body,  singly  or  in  dusters,  in  many  others;  their  number,  form, 
and  arrangement  furnish  group  recognition  characters.  The  more 
typical  caddisworms,  having  their  gill  filaments  along  the  sides  of 
the  abdomen  completely  inclosed  within  the  case,  keep  water  flow- 
ing through  by  means  of  continual  undulating  motion  of  the  abdo- 
men; three  tubercles  at  the  base  of  the  abdomen  and  a  pair  of 
stout  prolegs  at  its  apex  serve  to  keep  the  walls  properly  spaced 
for  the  admission  and  the  flow  of  the  water.  The  case  is  always 
large  enough  so  the  larva  can  entirely  withdraw  itself  inside. 
By  this  means  it  doubtless  escapes  from  many  enemies.  But 
some  of  the  larger  flshes,  as,  for  example,  brook  trout,  eat  case 
and  all. 

The  pupa  of  caddisflies  is  peculiar  in  that  it  also  is  aquatic. 
It  is  formed  within  the  larval  case  or  tube,  the  larva  closing  the 
apertures  with  a  perforate  web  of  silk  before  its  final  moulting; 
this  web  admits  water  for  respiration,  but  keeps  out  enemies. 
True  tracheal  gills,  of  the  same  type  as  those  possessed  by  the  larvae, 
are  present  on  the  pupae  of  many  caddisflies.    All  the  pupae  are 
more  or  less  active;  some  maintain  constant  undulating  move- 
ments of  the  abdomen  to  keep  the  water  circulating,  and  at  the 
close  of  the  pupal  stage  all  work  their  way  out  of  the  larval  case, 
and  swim  to  the  surface  of  the  water  to  undergo  their  final  trans- 
formation.   In  the  case  of  species  that  inhabit  swift  waters  and 
transform  in  the  current,  this  takes  place  very  quickly,  the  adiilt 
emerging  instantly  on  reaching  the  sur- 
face and  flying  away  at  once.  Althou^ 
the  adults  have  jaws  of  the  most  rudi- 
mentary sort,  the  mandibles  of  the  pupa 
are  often  large  and  conspicuous;  they  are 
supposed  to  be  of  use  in  cutting  a  way 
rn.is7a.  AnviiiigafpjbrytuH.    out  of  the  larval  case. 

The  eggs  of  caddisflies  are  laid  in 
various  ways  and  places.  Some  are  dropped  in  the  surface  of 
still  pools  while  in  flight.    The  females  of  some  of  the  Hydio- 
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psychidffi  ctawl  beneath  the  water  and  spread  their  eggs  in  a 
single  layer  over  the  lee  side  of  stones  in  the  gentler  currents. 
The  big  forms  of  Phryganea  fasten  their  pretty  green  eggs  in 
a  gelatinous  ring  (Fig.  1373)  on  the  stem  of  some  aquatic  plant. 

Aquatic  Moths  (Order  Lepidoptera) 

Of  this  great  order  of  insects,  only  a  few  moths  of  the  family 
Fyralidae  are  aquatic.  Many  moths  live  as  larvae  on  plants  by  the 
waterside,  and  a  few  burrow  in  the  tissues  of  submerged  aquatic 
plants,  obtaining  their  air  from  the  air^)ace3  of  the  plant  stems. 
The  aquatic  caterpillars,  like  their  terrestrial  relatives,  are  distin- 
guished fr<Hn  larvae  of  other  orders  by  the  possesion  of  a  brown 
chitinous  shield  covering  the  prothoradc  segment,  by  brisUe-bear- 
ing  tubercles  regularly  disposed  over  the  body  and  by  fleshy  grasp- 
ing prolegs  beneath  the  abd<mien. 

There  are  three  types  of  aquatic  larvae  foxmd  commraily  in  our 
&esh  waters,  two  in  ponds  and  one  in  rapid  streams. 

The  larvae  of  Nymphula  {Eydrocampa)  are  destitute  of  gills,  and 
greatly  resemble  pale  terrestrial  caterpillars.  They  live  in  flat 
cases  composed  of  two  pieces  cut  out  from  green  leaves  of  river- 
weed  or  water-lily,  and  fastened  together  and  lined  with  silk. 
They  live  near  the  surface  of  the  water.  During  the  pupal  stage 
the  cases  are  often  found  floating.  The  eggs  are  laid  on  or  under 
floating  leaves. 

The  larvae  of  Paraponyx  are  provided  with  abundant  branching 
gills,  which  surround  tiie  body  like  a  white  fringe.  These  larvae  live 
in  similar  cases  or  between  leaves  in  sheltering  crevices  that  are 
lined  with  silk. 

The  larvae  of  Elopkila  Jidkaiis,  as  recently  described  by  Lloyd 
frcfm  Ithaca,  N.  Y.,  live  on  the  stones  in  rapid  streams,  protected 
by  an  irregular  shelter  of  thin-spun  silk.  They  are  in  form  strongly 
dqiressed,  and  have  unbranched  gills  arranged  in  two  longitudinal 
lateral  rows.  They  feed  mainly  on  such  green  algae  as  grow  near 
at  hand.  Each  larva  when  grown  fashions  a  broadly  dome-sh^>ed 
pupal  shelter  or  half-cocoon  under  some  portion  of  the  larval 
shelter,  with  a  row  of  mai^inal  openings  at  either  side  to  permit 
free  drculation  of  water  and  air  through  it. 
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Beetles  (Order  Coleopiera) 

Of  this  great  groap  of  insects  only  a  few  families  are  wholly 
aquatic,  and  a  few  others  are  partially  so.  The  order  as  a  whole  is 
predominantly  terrestrial,  and  the  aquatic  families  show  unmistak- 
able s^ns  of  having  been  developed  from  terrestrial  ancestors. 
All  the  adults  and  pupae  are  strictly  terrestrial  in  their  mode  of 
respiration,  and  nearly  all  the  larvae  likewise  get  their  air  supply 
from  above  the  surface  of  the  water.  The  pupae  of  all  are  formed 
dther  on  land,  or  in  direct  communication  with  the  air.  The 
fomilies  that  are  strictly  aquatic  are  the  Dytisddae,  Haliplidae, 
Pamidae  and  Amphizoidae;  those  that  show  conqilete  intergrada* 
tion  in  habits  are  the  Hydrophilidae  and  Dascyllidae.  The  Chrys- 
omeUdae  are  scarcely  to  be  called  aquatic  at  all  in  any  proper 
sense,  although  two  of  the  subfamilies  live  on  water  plants. 

There  is  such  great  diversity  of  habits  and  structure  in  water 
beetles  that  the  families  may  be  best  considered  separately.  We 
begin  with  those  that  are  least  aquatic  in  habit. 

Two  small  groups  of  leaf  beetles  of  the  great  family  Chrysomelidae 
feed  upon  water  plants;  the  Galenicellinae,  upon  the  floating  leaves 
of  members  of  the  water-lily  family.  These  dingy  Uttle  beetles 
lay  their  yellow  eggs  in  small  clusters  on  the  upper  surfaces  of  the 
leaves,  and  the  black-banded  larvae,  hatching  therefrom,  feed  upon 
the  tissues,  quite  as  their  more  familiar  relatives  feed  upon  land 
plants.  The  other  subfamily,  the  Donadinae,  or  loi^-homed  leaf- 
beetles,  is  much  more  interesting.  The  larvae  feed  upon  the  roots 
of  aquatic  plants,  far  beneath  the  surface  of  the  water.  They  are 
provided  with  a  pair  of  spiracles  near  the  end  of  the  body  and 
these  spiracles  are  armed  with  sharp  corneous  processes,  capable 
of  being  thrust  into  plant  stems,  of  reaching  the  air  spaces  on  the 
inside,  and  of  obtaining  the  air,  rich  in  oxygen,  contained  therein. 
Thus  the  larvae,  while  destitute  of  gills,  and  strictly  air  breathers, 
get  their  air  supply  through  the  medium  of  the  plants,  while  living 
always  beneath  the  water.  The  pupal  stage  likewise  is  passed 
in  the  place  where  the  larva  lived  on  the  roots,  but  the  pupa  is 
inclosed  in  a  watei^tight  cocoon,  attached  to  the  plant  tissue  and 
containing  air  in  free  communication  with  that  in  the  air  spaces  of 
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the  plant.  The  adult  beetles  spend  their  lives  among  the  leaves 
of  the  plants,  flying  actively  about  when  disturbed.  They  are  of 
shining,  metallic  coloration,  blue  or  green.  Those  that  live  on  water 
lilies  deposit  their  eggs  through  holes  eaten  in  the  leaves,  arranging 
them  in  a  curve  around  the  opening  on  the  under  side.  They  are  able 
to  place  them  thus  through  the  possession  of  a  long  extensile 
ovipositor. 

The  family  Hydrophilidae  is  in  part  terrestrial  and  in  part  aquatic, 
and  the  aquatic  members  show  all  degrees  of  adaptation  to  water 
life.  A  few  of  the  larger  forms  are  expert  swimmers,  but  many  of 
the  smaller  ones  are  fitted  only  for  dabbling  around  in  the  mud  at 
the  water's  edge.  The  best-known  member  of  the  family  is  perhaps 
the  big  black  Hydrophitus,  with  finely  frilled  swimming  legs  and 
with  keeled  stemiun.  It  is  attracted  to  electric  lights  in  vast 
numbers  in  the  spring,  where  it  falls  beneath  them  and  flounders 
aroimd  in  the  dust  of  the  street,  giving  a  fine  illustration  of  the  use- 
lessness  of  its  ^>ecialization  when  in  an  unsuitable  environment. 
The  larva  of  this  beetle  is  commonly  taken  in  ponds,  not  swimming, 
but  clinging  to  stems  at  the  surface,  its  squat,  hairy  body  not  well 
fitted  for  getting  through  the  water,  but  with  immense  rapacious 
jaws,  very  capable  of  seizing  large  Mayfly  nymphs  and  adult  £«- 
hranchipus  when  these  swim  within  reach.  Another  hydrophihd 
which  often  swarms  into  trap  lanterns  set  over  streams  is  Berosus, 
whose  aquatic  larva  is  provided  with  lateral  paired  abdominal  ap- 
pendages somewhat  like  those  of  the  neuropterous  genus  Sialis. 

The  eggs  of  BydrophUus  are  laid  in  a  white  membranous  capsule 
attached  to  plant  stems  and  leaves  at  the  surface  of  the  water. 

The  Amphizoidae  and  Pamidae  are  found  as  adult  beetles  clinging 
to  logs  and  stones  in  clear  flowing  streams.  The  former  family 
contains  but  a  few  far  western  species;  the  latter  is  widely  dis- 
tributed, and  contains  numerous  genera  and  species.  The  name 
"Riffle  beetles"  is  applied  to  them  to  indicate  the  seat  of  their 
greatest  abundance.  They  are  mostly  of  small  size  and  their 
coloration  is  usually  inconspicuous,  although  some  of  them  are 
striped  with  red  or  yeUow.  The  adults  sun  themselves  on  the 
stones  that  protrude  from  the  water,  and  fly  readily  from  one  rest- 
ing place  to  another.    Many  of  the  larvae,  especially  the  larger 
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ones,  are  strongly  depressed  in  form,  and  have  flaring  lateral  mar- 
gins to  the  body  segments  that  fit  down  closely  against  a  stone, 
Hmpet-like,  to  withstand  the  wash  of  the  current;  hence,  these 
are  able  to  tnAJntftin  a  footing  in  the  swiftest  waters.  The  common 
"water  penny,"  the  larva  of  Psepkenus  lecontet,  illastrates  the 
extreme  of  flattening;  this  larva  has  developed  abundant  tracheal 
gills  from  the  thin  membrane  between  the  body  segments,  and  these 
are  completely  covered  over  by  the  projecting  lateral  margins  of 
the  body  segments.  The  adult  female  Psepkenus  crawls  down  on 
the  lee  side  of  a  stone  and  deposits  her  yellow  eggs  in  broad  one- 
layered  patches  on  its  surface. 

The  Gyrinidae  or  whirligig  beetles  constitute  a  small  group  of 
strictly  aquatic  forms,  very  peculiar  in  structure  and  habits.  They 
are  well  known  to  every  one  as  shining  black  beetles  of  oval  form, 
that  gather  in  companies  upon  the  surface  of  brooks  and  ponds  and 
glide  about  in  irregular  curves  with  a  speed  which  the  eye  can  hardly 
follow.  When  captured  they  exude  a  whitish  repugnatorial  flmd, 
having  a  rather  disagreeable  odor.  They  hibernate  as  adult 
beetles  in  the  mud  and  in  their  season  of  activity  they  spend  much 
time  beneath  the  water,  in  which  they  can  dive  and  swim  dextrously. 
Their  fore  feet  bear  hooked  daws  with  which  they  can  cling  to  the 
bottom  when  desiring  to  remain  beneath  the  surface.  They  are  at 
once  distinguishable  from  other  water  beetles  by  the  unusual 
brevity  and  peculiar  formation  of  the  hind  legs,  and  by  the 
possession  of  divided  eyes,  there  appearing  to  be  one  pair  above 
for  vision  of  objects  in  air  when  the  beetle  Ues  on  the  surface,  and 
one  below,  presumably,  for  seeing  thii^s  in  the  water. 

The  larva  of  the  gyrinids  is  elongate  and  slender,  and  possesses 
at  the  tip  of  the  abdomen  two  pairs  of  backwardly  directed  grap- 
pling hooks,  and  long  slender  paired  filaments  arranged  segmentally 
along  its  ^des  somewhat  like  those  of  the  Neuropterous  genus 
SiaUs.  Both  larvae  and  adults  are  carnivorous.  The  larvae  possess 
long  perforate  ^ckle-shaped  mandibles  well  adapted  for  punctur- 
ing the  skins  of  soft  midge  or  other  dipterous  larvae,  etc.,  and  for 
sucking  out  the  fluid  content  of  their  bodies.  The  pupae  of  the 
Gyrinidae  are  formed  in  tliin  cocoons  attached  to  the  side  of  verti- 
cal plant  stems  above  the  water. 
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The  little  family  of  HaJiplidae  contains  two  genera  of  pretty  little 
beetles  of  brown  color  spotted  with  yellow,  Baliplus  and  Pdtody- 
tes.    These  are  easUy  distinguished  from  other  beetles  by  the 
sternal  plates  that  broadly  overlap  the  bases  of  the  hind  legs. 
These  beetles  abound  amid  thick  shore  vegetation,  and 
their  larvae  adhere  very  closely  to  the  trash,  and  are 
most  commonly  found  in  floating  mats  of  Spirogyra  and 
other  filamentous  algae.    Th^  are  among  the  most 
inactive  of  creatures,  and  in  coloration  and  in  form 
show  a  high  degree  of  protective  resemblance.    They 
are  easier  overlooked  than  discovered  even  by  the 
collector  searching  for  them.     The  stick-like  larva  of 
Baliplus  is  shown  in  Fig.  1374;  Pdtodytes  is  strikingly 
different  superficially,  being  covered  all  over  its  body 
by    very    long    Jointed    slender    bristle-like    processes. 
Matheson  has  recently  shown  that  the  larvae  feed  upon 
filamentous  algae,  sucking  out  the  contents  of  the  cells, 
one  by  one,  and  that  the  eggs  axe  deported  by  the 
adult  beetles  within  the  coarser  algal  filaments. 

The  dominant  family  of  water  beeUes  is  the  Dytisddae, 
commonly  known  as  diving  beetles.  These  abound  in 
all  fresh-water  ponds.  All  are  aquatic  in  both  larval 
and  adult  stages,  but  all  take  air  at  the  surface  of  the 
water,  with  the  exception  of  some  of  the  smaller  larvae 
which  seem  to  be  able  to  absorb  their  oxygen  from  the 
water  without  having  developed  any  special  apparatus 
therefor.  AH  are  carnivorous,  and  in  all  the  pupa  is 
formed  on  shore. 

In  fitness  for  swimmit^,  the  adult  beeties  differ 
greatiy.    Some  of  the  larger  forms  like  CyUsler  are 
possessed  of  long  oar-like  hind  legs  provided  with  close-  h^^'^Hau- 
set  swimming  fringes,  and  the  long  regular  synchronous  w^J^,  ^** 
strokes  of  the  legs  drive  the  body  forward  with  great 
ease  and  swiftness;  whereas,  some  of  the  lesser  and  more  general- 
ized forms,  like  Bidessus,  with  scanty  swimming  fringes,  and  with 
legs  otherwise  litUe  modified,  either  in  structure  or  in  movement, 
from  what  is  useful  in  walking,  swim  very  poorly.    These  do  more 
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climbing  than  swimming,  and,  consequently,  they  keep  nearer  to 
shore  and  to  the  shelter  of  submerged  trash.  In  an  aquarium 
beetles  of  the  size  of  Coplolomus 
and  LaccopkUus  may  be  seen  feed- 
ing in  groups  on  the  bodies  of 
dragonfly  nymphs  and  tadpoles  much 
larger  than  themselves,  which  they 
have  overpowered.  Their  own  exceed- 
ingly hard  chitinous  armor  doubtless 
protects  them  from  being  eaten  by 
the  majority  of  aquatic  carnivorous 
animals. 

E^-laying  appears  to  have  been 

observed  hitherto  only  in  Dytiscus, 

which    deposits   its   eggs   singly   in 

^         ,     ^        ^^.    V    ,       punctures  made  in  the  green  stems 

Fm.  ijTJ-  A  pred»ceou» diving  beetle,         '^  ° 

DyiiioL,.  of  aquatic  plants. 

The  larvae  are  voracious  creatures,  armed  with  long  ackle- 
shaped  mandibles,  like  those  of  the  larvae  of  the  famiUes  just  men- 
tioned, each  mandible  with  so  deep  a  groove  on  the  inner  side  that 
it  amoimts  to  a  perforation  opening  at  the  tip  and  the  base.    The 


basal  aperture  lies  just  within  the  mouth-opening  when  the  tips  of 
the  mandible  are  brought  together.  Nearly  all  the  larvae  of  this 
group  capture  only  livii^  prey.  but  a  few  like  Hydroporus  (Fig. 
1376)  will  eat  pieces  of  animals  that  have  been  killed  for  them. 
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Many  of  the  largest  larvae  are  fiercely  cannibalistic  and  will  eat 
their  brethren  even  when  other  food  offers. 

Some  of  the  larvae  are  provided  with  swimming  fringes  on  the 
legs,  some  have  them  on  the  tail,  and  many  have-them  in  both 
places.  Some,  like  the  larvae  of  AcUius,  are  exceedingly  lithe  and 
graceful  creatures.  Others  (Fig.  1377)  scarcely  swim  at  all,  but 
creep  about  among  the  trash  at  the  shore  line. 


Ccptetomtu  initrroiattu. 


In  the  present  state  of  our  knowledge,  it  is  not  possible  to  give 
keys  that  will  determine  genera  of  Dytiscid  larvae,  and  the  best 
means  of  identifying  native  larvae  is  by  comparison  with  the  beau- 
tiful figures  of  Schiodte,  who  long  ago  (1861)  described  the  Eur(^>ean 
representatives  of  many  of  ova  genera. 

The  Two-winged  Flies  {Order  Diptera) 

Of  this  immense  order  a  considerable  portion  has  taken  to  a 
more  or  less  aquatic  life.  A  majority  of  the  families  have  some 
members  that  develop  in  the  water,  but  only  a  few  of  the  smaller 
families  are  wholly  aquatic.  Those  best  fitted  for  life  in  the  water 
show  adaptations  of  the  most  diverse  sorts,  so  that  here  again  the 
families  are  best  considered  separately. 

Since  nearly  all  the  families  of  the  Diptera  have  some  aquatic 
members,  the  determination  of  the  adult  fiies  must  be  left  to  the  aid 
of  the  keys  in  the  entomological  manuals  that  are  everywhere  avail- 
able. Each  of  these  families  has  a  characteristic  type  of  wing  ven- 
ation, and  some  aid  may  be  had  from  comparison  with  the  typical 
wings  shown  in  Fig.  1378. 

It  is  quite  impossible  in  the  space  at  cormnand  to  give  keys 
to  the  genera  of  Dipterous  families,  these  beiag  very  ntmieroua 
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(,  StratkuoyidKC  Soldier  flies 

i,  Leptidu  Smpe-aio 

i,  DdichopodidK  DoDdupodi 

I.  Empididae  The  erapida 

■I.  SyrpUdu  Syitihas  fliea 


in  the  Chironomidae,  Tipulidae,  etc.,  or  even  to  enter  into  detailed 
statements  as  to  their  habits.  A  few  of  the  famiUes  are  compara- 
tively small  and  unimportant.  The  moth  flies  (Fsychodidae)  are 
very  minute,  being  among  the  smallest  of  flies,  and  live  as  larvae 
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in  the  scum  and  about  the  edges  of  all  sorts  of  fresh  water, 
while  their  adults  swarm  in  tliickets  about  the  shores  of  pools.    The 
Ptychopteridae  iahabit  swales,  their  larvae  living  in  the  rotting  trash 
at  the  edge  of  the  water,  and  the  adults  fluttering  about  the  tops 
of  the  adjacent  herbage.    The  dixa  midges  (Dixidae)  inhabit  spring 
brooks  and  clear  pools,  and  their  larvae  (Fig.  1379),  with  bodies 
bent  double,  slide  out  upon  the  surfaces 
of  wet  leaves  and  stones,  or  edge  off  into 
the  water  and  whirl  about  in  short  curves ; 
the  adults  dance  in  companies  above  the 
surface  of  the  water.     Some  larvae  of  the 
Rhyphidae  likewise  inhabit  pools,  and  the 
adults  sometimes  assemble  and  dance  in 
the  shelter  of  forest  trees  at  some  dis- 
tance from  the  water.    The  few  known 
aquatic  members  of  the  Leptldae  live  as 
larvae  in  streams  and  cling  nith  the  well- 
developed  claws  of  their  stout  muscular  ' 
abdominal   proles    to    the   surfaces   of 
stones;  the  adults  flit  about  the  shore,  fio.i,;9.  Urv> (A) ud  pupa  (5) oi 

t*      ,       i  .  t     «  11  1  1  the  dua-midgc-    (After  jahuuuenO 

displaying  their  unusually  gaudy  colors 

and  velvety  textures.      These  are  anall  and  comparatively  un- 
important families. 

Then  there  are  a  few  targe  families  of  which  but  a  small  proportion 
of  the  members  are  adapted  to  aquatic  life.  The  crane-flies  (Tipu- 
lidae)  are  essentially  terrestrial:  most  of  them  live  in  moist  earth  or 
wet  leaves.  Some  are  strictly  amphibious,  like  Epiphragma  (Figs. 
1380  and  1381).  They  possess  as  larvae  the  usual  terminal  spira- 
cles for  breathing  air,  but  have  these  set  upon  a  respiratory  digp 
that  can  be  closed  by  folding  together  on  the  nu(|dle  line,  and  they 
have  a  bimdle  of  four  anal  gills  that  may  then  be  protruded  for 
use  under  water.  There  is  a  fine  development  of  fringes  about  the 
respiratory  disc  of  other  species,  and  these  fringes  spread  out  upon 
the  surface  film,  holding  the  spiracles  up  to  the  air,  while  the  larvae 
are  moving  about  in  the  water  below.  A  few  only  of  the  syrphus 
flies  (Syrphidae)  are  aquatic,  but  the  larvae  of  certain  of  these,  the 
common  "rat-tailed  maggots"  are  most  peculiar  and   interest- 
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ing.  A  very  ordinary  sort  of  white  fleshy  legless  fly  larva  has 
the  supporting  base  of  the  terminal  piracies  drawn  out  into  a  flexu- 
ous  slender  tube,  as  long  as  or  longer  than  the  body.  The  larva 
lives  in  the  mud  in  shoal  water,  arul  with  tliis  tube  reaches  up  to 
the  surface  for  air.     A  good  many  aquatic  forms  are  included  among 


Fm.  ijBo.    The 


fly  Efifliniwiafvaftiutis. 


B»iplnimt:a 
vmtiom  above; 


the  host  of  higher  diptera  that  are  here  dismissed  as  Musddae 
in  the  broad  sense,  but  the  larvae  of  these  (Fig.  1382)  differ  from 
their  terrestrial  relatives  by  characters  of  less  moment  than  those 
just  mentioned. 

A  few  small  families  are  most  interesting  for  their  fltness  for 
special  places  in  the  water,  both  larval  and  pupal  stages  being 
passed  in  similar  situations.    The  net-winged  midges  (Blcpharo- 
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ceiidae)  live  in  rapid  streams,  and  are  peculiar  in  the  very  strongly 
depressed  form  of  both  larva  and  pupa,  and  in  the  row  of  ventral 
sucking  discs  which  the  larva  has  developed  for  hanging  fast. 

The  black-flies  (SimuUidae)  also  live  in  running  water.  The 
larvae  adhere  to  stones  and  timbers  by  a  single  sucking  disc  at 
the  hinder  end  of  the  flask-shaped  body,  which  thus  hangs  sway- 
ing in  the  current  with  head  downstream. 
Above  the  mouth  on  the  front  of  the  head 
there  are  two  processes  which  bear  the  name 
of  "fans."  These  are  composed  of  a  very 
large  number  of  scythe-shaped  rays  fringed 
along  the  side.  Set  at  an  angle  upon  the 
pedicel,  like  the  fingers  of  a  reaper's  cradle 
upon  the  handle,  together  these  constitute 
a  net  for  retaining  small  organisms  adrift 
in  the  water,  and  for  holding  them  up  to 
the  mouth.  This  is  an  aboriginal  plankton  apparatus.  Simulium 
larvae  play  in  the  ia{}ids,  spinning  silken  threads  in  the  water,  and 
swinging  on  them  from  place  to  place.  Occasionally  the  threads 
thus  spun  in  the  troughs  of  fish  hatcheries  have  been  sufficiently 
numerous  to  entangle  and  kill  newly  hatched  trout.  These  threads 
are  spun  from  the  salivary  glands;  a  £nal  use  for  the  secretion  of 
these  glands  is  the  making  of  the  open-meshed  half-comncopia- 
shaped  cocoon  in  which,  attached  to  the  sides  of  the  rocks  or  tim- 
bers, the  pupal  stage  is  passed;  a  branched  prolongation  of  the 
tracheal  lining  of  the  prothoracic  spiracles  constitutes  the  so-called 
"tube  gills,"  by  means  of  which  the  black-fly  pupa  is  able  to 
get  its  air  supply  while  wholly  submerged. 

The  soldier  flies  (Stratiomyiidae)  live  as  larvae  on  the  surface  of 
still  water.  They  float  stiff  and  rigid  and  stick-like,  with  a  circlet 
of  water-repellent  bristles  surrounding  the  terminal  spiracles,  keep- 
ing op^i  the  way  to  the  air.  The  pupa  is  formed  within  the 
larval  skin,  without  further  outward  indication  of  the  change  than 
a  slight  angulation  of  the  latter  posteriorly.  The  adult  soldier 
flies  hover  familiarly  about  the  arrow  heads  on  shore  at  egg- 
laying  time,  and  at  other  times  frequent  flowers  to  feed  on  their 
nectar. 
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There  remain  three  large  families  of  the  diptera  of  very  great  im- 
portance. Twoof  these,  the  Culicidae  and  the  Tabanidae,  are  impor- 
tant because  of  the  damage  they  do,  and  the  other,  the  Chironomidae, 
because  of  the  food  it  furnishes  to  fishes.  The  mosquitoes  (Culi- 
cidae), since  the  discovery  of  their  importance  to  man  as  agents 
for  the  dissemination  of  the  germs  of  malarial  and  other  fevers, 
have  suddenly  become  well  known. .  A  ntmiber  of  good  books  are 
now  available  containing  descriptions,  figures,  and  detailed  accounts 
of  the  habits  and  life  histories  of  the  economic  species.  Some  of 
the  most  interesting  members  of  the  family  are  not  incladed  in  these 
books  among  the  pests,  since  the  adults  do  not  bite.  Coreihra, 
whose  phantom  larvae  are  a  part  of  the  plankton,  is  <Hie  of  these, 
and  Pdorempis,  the  large  culicid  inhabitant  of  cold  wrings  is 
another. 

The  biting  adults  of  the  large  horse-flies  (Tabanidae)  are  like- 
wise serious  pests  of  the  domesticated  animals.     Their  naked 


Fie.  i^Sj.    lie  qnUed  mldgg,  Tamyfi"  eanuai,  nule. 

translucent  larvae,  tapering  to  either  end  and  ringed  with  fleshy 
tubercles,  are  carnivorous,  and  are  found  in  the  trash  of  the 
bottom  in  all  shoal  fresh  waters.    But  two  genera,  Tabanus  and 
Chrysops,  are  of  much  importance  in  our  fauna. 
The  midges  (Chironomidae,  Fig.  1383)  constitute  undoubtedly 
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the  largest  single  complex  of  aquatic  Diptera.  They  are  a  host; 
indeed,  the  typical  genus  Ckironomus  is  a  host  in  itself.  Their 
larvae  (Fig.  1384),  with  no  better  apparatus  than  a  few  blood  gills 
at  the  end  of  the  abdomen,  and  their  pupae,  with  nothing  better 
than  "tube  gills"  protruded  from  the  prothoracic  spiracles,  are 


Fic.  13S4.    The  luva  of  Chiri 


able  to  live  in  all  waters,  from  springs  to  stagnant  pools  and  fiom 
rills  to  deep  lake  bottoms.  They  are  chiefly  herbivorous  and  are 
of  very  great  importance  in  furnishing  the  food  of  a  multitude  of 
the  larger  animals^  including  fishes.    The  larvae  construct  for 


themselves  some  sort  of  shelter,  fastening  the  materials  their  envi- 
ronment offers  together  with  the  silk-like  seaetion  of  their  salivary 
glands;  some  in  rapid  streams  build  cases  on  the  stones;  others, 
on  the  lake  bottom,  build  soft  Socculent  tubes  of  silt  (Fig.  1385). 
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These  latter  larvae  are  red  in  color  and  are  known  as  "  blood  worms." 
The  color  is  due  to  haemoglobin  in  the  blood  plasma;  the  capacity 
of  this  substance  for  oxygen  gathering  seems  to  enable  these  blood 
worms  to  live  in  water  that  is  poor  in  oxygen. 


In  the  preceding  pages  the  principal  groups  of  aquatic  insects 
are  brieHy  characterized,  and  typical  forms  are  figured.  Hints  are 
given  for  the  recognition  of  the  nymphs  of  Plecoptera  on  page  SSs, 
and  of  the  larvae  of  aquatic  Lepidoptera  on  page  903.  In  the  fol- 
lowing pages  keys  are  given  for  determming  the  adults  of  Trichop- 
tera  and  Hemiptera,  and  for  both  adults  and  immature  stages  of 
the  other  orders.  An  understanding  of  the  venation  of  the  wings 
is  essential  to  the  study  of  adult  insects  of  most  orders,  and  the 
following  figure  (Fig.  1386)  is  given  to  illustrate  the  wing  venation 
and  explain  the  terminology  used. 


The  ndim  hu  ■  milii  alcm  IRi)  tikd  a  prindpal  bnnch  (Ri)  on  Che  poiterii 
Media  ■>  often  twice  Ibited,  ind  Cubitiu  oacc  lorkedi  tbe  recogniiablc  be 
fcDDt  to  nu:  tluee  uial  veini  an  Ukewbe  recogiuied. 
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KEY  TO  THE  ORDERS  OF  AQUATIC  INSECT  LARVAE 

I  (S)    Larvae  with  wings  developing  extemdiy  (called  nymphs  in  this  chapter) 

and  DO  quiescent  pupal  stage 3 

3  {7)    With  biting  mouth  parts 3 

3  (6)    With  long,  filamentous  caudal  setae;  labium  not  longer  than  the  head, 

and  not  folded  on  itself  liite  a  hinge 4 

4  (5)    Gills  mainly  under  the  thorax;   taisal  claws  two;  caudal  setae  two. 

(Stoneflies;  see  page  883)  .    .    .  meeoptera. 

5  (4)     Gills  mainly  on  the  sides  of  the  abdomen;   tarsal  ckws  single;  caudal 

setae  generally  three.   (Mayflies;  seeftagegii).  .EphemeritU. 

6  (3)     Caudal  setae  represented  by  three  broad,  leaf-like  respiratory  plates 

traversed  by  tracheae,  or  by  small  spinous  appendages;  labium 
when  extended  much  longer  than  the  head;  at  rest,  folded 
like  a  hinge,  extending  lietween  the  bases  of  the  fore  legs. 
(Dragonflies  and  damselflies;  see  page  928)  .    .  Odonata. 

7  {a)    Mouth  parts  combined  into  a  jointed  beak,  which  is  directed  beneath 

the  head  backward  between  the  fore  legs. 

(Bugs;  see  page  933)  .  .   .  Hemlptera. 

8  (i)    Larvae  proper,  with  wings  devek)ping  internally,  and  invisible  till  the 

assumption  of  a  quiescent  pupal  stage 9 

9  (18}    With  jointed  thoracic  legs. 10 

10  (11)    With  slender,  decurved,  plerdng  mouth  parts,  half  as  long  as  the 

body;  small  larvae,  Uving  on  fr^-water  sponges. 
Family  UEMEKOBnoAE  (see  page  934)  of    .   .    Neur«pt»r«. 

II  (10)    With  biting  mouth  parts 11 

13  (15)    With  a  pair  of  prolegs  on  the  hist  segment  only  (except  in  SiaUs, 

Fig.  1367,  which  has  a  single  long  median  tajl-like  process  at 
the  end  of  the  abdomen)  these  directed  backward,  and 
armed  each  with  one  or  two  str(»ig  hooka  or  claws.  .    .     13 

13  (14)    Abdominal  segments  each  with  a  pair  of  long,  lateral  filaments. 

Family  Sulqiidae  (see  page  935)  of .   .  Neufoptera. 

14  (13)    Abdominal  segments  without  long,  muscular,  lateral  filaments,  often 

with  minute  gill  filaments  cylindrjc  larvae,  generally  Uving 
in  portable  cases.  (Caddisflies;  see  page  936).  .  Trichoptera 

15  (13)    Prolegs,  when  present,  on  more  than  one  abdominal  segment;   if 

present  on  the  last  segment,  then  not  armed  with  single  or 
double  daws  (except  In  gyrinid  beetle  larvae,  which  have 
paired  lateral  abdominal  filaments),  often  entirely  want- 
mg. 16 

16  (17)    With  five  pairs  of  prolegs,  and  with  do  spirades  at  the  apex  of  the 

abdomen.    .     .    (Moths;  see  page  903}     .   .    Lc^ldc^teta. 

17  (16)    Generally  without  prole{^;  never  with  five  pairs  of  them;  usually 

with  terminal  spirades;  long,  lateral  filaments  often  present 

on  the  abdominal  segments. 

(Beetles, adult3;seep.937;larvae;seep.943)   .     Coleopten. 

18  (9)    Wthout  jointed  thoracic  legs;   with  abdominal  prolegs,  or  entirely 

legless (Flies,  etc.;  see  page  943)  .    .     Dlptera. 
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KEY  TO  NORTH  AMERICAN  MAYFLIES 

lUAGOS 

I  (13)  The  cubital  and  first  anal  veins  strongly  divergent  at  the  base  (Fig. 
1387),     Venation  never  greatly  reduced a 

3  (3)  The  posterior  fork  oE  the  median  vein  very  deep,  almost  reaching  the 
wing  base;  two  long  simple  intercalaries  between  the  first 
and  second  anal  veins Campsurus. 

3  (2)  The  posterior  fork  of  the  median  vein  (MrM^  forked  for  not  more  than 
three-fourths  of  its  length 4 


?ia.  i}87.    The  wings  d(  Bfluiiura,    (Dnwo  by  Dr.  Aniu  H.  Moii^d.) 

4  (5)     Between  the  first  and  second  anal  veins  is  a  bunch  of  three  or  four  long 

straight  intercalaries,  conjoined  basally  before  their  attach- 
ment to  the  principal  veins;  the  second  anal  vein  nearly 
straight  and  unbranched Poiymitarcys. 

5  (4)    Between  the  first  and  second  anal  veins  are  only  shorter,  sinuate,  and 

soraetimes  forking  intercalaries,  attached  directly  to  the 
first  anal;  the  second  anal  vein  sinuate  and  often  branched 
(Fig.  1387) 6 

6  (7)     The  posterior  fork  of  the  median  vein  forked  two-thirds  to  three-fourths 

its  length;  vein  Cui  not  more  strongly  bent  at  base  than 
the  first  anal Eulhyploda. 

7  (6)    This  fork  of  the  median  vein  occupying  not  more  than  half  its  length; 

vein  CU]  more  strongly  bent  at  base  than  is  the  first  anal 
(Fig.  1387) 8 

8  (11)    The  third  anal  vein  simple,  but  attached  to  the  hind  margin  by  a 

number  of  cross  veins;  in  the  narrow  posterior  fork  of  the 
median  vein  there  are  one  or  more  cross  veins  before  the  orij^n 
of  the  intercalary;  male  forceps  four-jointed 9 

9  (10,  1 1)     Caudal  setae  three  in  both  male  and  female;  fore  tarsus  of  female 

imago  three-fourths  as  long  as  the  tibia.    .    .    .     Ephemera, 

10  (9, 11}     Caudal  setae  two  in  the  male  and  three  in  the  female;  fore  tarsus 

of  the  female  two-thirds  as  long  as  the  tibia.  .     Penlagenia. 

11  (9,  Id)     Caudal  setae  two  in  male  and  female;  fore  tarsus  of  female  as  long 

as  the  tibia. Hexagenia. 
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13  (8)  Hie  thiid  anal  vein  with  a  simple  tenninal  fork  and  unattached  to  the 
hind  margin,  although  a  few  isolated  short  intercalaries 
lie  between;  in  the  wider  posterior  fork  of  the  median  vein 
there  is  no  cross  vein  before  the  origin  of  the  intercalary; 
male  forceps  three-jointed Potamanlkus. 

13  (i)    llie  cubital  and  first  anal  veins  parallel  at  base  (in  a  few  forms  with 

reduced  and  scanty  venation,  appearing  a  tittle  diverg- 
ent)  14 

14  (15)    Ifind  tarsi  with  five  freely  movable  segments;  eyes  of  the  male  dmple 

and  remote;  venation  never  greatly  reduced;  intercaluy 
veins  between  the  first  and  second  anal  veins  unattadied 
basally  and  in  two  pairs,  of  ^^ch  the  pair  nearer  the  hind 
angle  is  the  longer Seplagenia. 

15  (14)    Hind  taisi  usually  with  but  four  freely  movable  segments,  the  basal 

segment  being  more  or  less  completely  consolidated  with  the 
tibia;  eyes  of  the  male  enlarged,  often  approximated  on  the 
dorsal  side  and  divided  into  superior  and  lateral  portions 
with  corneal  facets  of  different  size;  venation  various, 
sometimes  greatly  reduced;  intercalary  veins  between  the 
first  and  second  anal  never  as  above 16 

16  (17)    The  three  anal  veins  nearly  parallel  to  the  hind  margin  of  the  vnng 

and  to  each  other,  ending  in  the  outer  margin;  in  the  hind 
wing  the  branches  of  the  radial  vein  are  strongly  unilateral 
on  the  anterior  dde.      Baetisca. 

17  (16}    Anal  vans  strongly  divergent  distally,  usually  both  the  second  and 

the  third  ending  in  the  hind  margin;  forks  of  the  radial  vein 
in  the  hind  wing  more  symmetrical 18 

18  (39)    The  posterior  division  of  the  median  vein  with  a  normal  posterior 

fork;  hind  wings,  when  present,  usually  but  little  longer 
than  broad  and  with  a  copious  venation 19 

19  (33)    The  intercalaries  between  the  first  and  second  anal  veins  variable, 

but  usually  more  or  less  independent,  and  not  directly 
dependent  from  the  first  anal;  three  weU-developed  caudal 
setae  (except  in  Blaituna,  in  oui  fauna).  ao 

30  (31)    Hind  wings  present at 

31  (28)    Bisector  of  the  posterior  fork  of  the  median  vein  and  bisector  of  the 

cubital  fork  unattached  basally;  between  the  latter  and 
vein  Cui  no  intercalaries;  vein  Cui  in  the  hind  wing  rarely 
preserved;  caudal  setae  generally  much  longer  than  the 
Dody;   penultimate  s^ment  of  the  male  forceps  shorter 

thun  the  antepenultimate 33 

33  (27)  In  the  hind  wing  the  subcostal  vein  reaches  nearly  to  the  wing  apex; 
male  forceps  thiee-jointed. 33 

33  (36)    Hind  wiu  with  a  slii^t  concavity  at  the  middle  of  costal  margin; 

five  to  six  longitudinal  veins  between  Mi  and  Mi;  veinlets 
numerous  about  the  wing  margins  and  cross  veins  numerous 
in  the  hind  wings *4 

34  (35)    Third  anal  vein  of  the  hind  wing  wanting;  caudal  setae  of  about 

equal  length.     Leptophlefna. 
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35  (34)  Third  anal  vein  of  the  hind  wing  present,  and  often  followed  by  one 
or  two  additional  intercalaries;  median  caudal  seta  dis- 
tinctly shorter  than  the  others Blasturus. 

a6  (23)  Hind  wing  with  an  angular  lobe  projecting  forward  from  the  middle 
of  the  costal  margin;  four  longitudinal  vdns  between  M|  and 
Mt;  wing  margins  free  from  veinlets,  and  few  cross  veins  ia 
hind  wing Habrophlehia. 

97  (ja)  In  the  hind  wing  the  subcostal  vein  terminates  in  the  costa  at  hardly 
more  than  half  the  length  of  the  wing,  just  beyond  the 
obtuse  angulation  having  a  thickened  margin;  forceps  of 
male  more  or  less  distinctly  fouf-jointed.  .    .     CkoroUrpes- 

28  (ai)  Bisectors  of  the  posterior  fork  of  the  median  vein  and  of  the  cubital 
fork  both  tending  to  attach  themselves  to  the  posterior 
branch  of  their  respective  forks;  between  the  latter  and  vran 
Cui  are  generally  some  short  intercalaries  (the  cubital  region 
thus  being  better  developed  than  in  group  ai);  caudal  setae 
about  as  long  as  the  body;  penultimate  segment  of  the  male 
forceps  longer  than  the  antepenultimate 39 

39  (30)    Veins  Cui  and  ist  A  separate  to  base Ephemerdla. 

30  (29)    Veins  Cui  and  ist  A  fused  toward  the  base. DntiuUa, 

3r  (30)     Hind  wings  absent Caenis. 

33  (19)    The  intercalaries  between  the  first  and  second  anal  veins  represented 

by  a  series  of  veinlets,  often  sinuous  or  forking,  extending 
dnrectly  from  the  first  anal  to  the  wing  margin;  costal 
angulation  of  hind  wing  close  to  the  base;  but  two  well- 
developed  caudal  setae,  the  median  one  being  rudimentary 
or  wanting;    basal  joint  of  hind  tarsi  evident  but  not  well 

developed 33 

33(36)  Mediancaudalsetaadistinctlysegmentedrudiment  (Fig.  1354);  for- 
ceps of  male  three- jointed;  posterior  prolongation  of  sternum 
of  ninth  segment  of  abdomen  of  fenuile  bind  at  tip.  .  .    54 

34  (35)     Basal  segment  of  fore  tarsus  of  male  shortest;   claws  of  each  tarsus 

unlike  each  to  each;  hind  wing  with  the  costal  angulation 
acute,  and  the  posterior  fork  of  the  median  vein  occupying 
two-thirds  the  length  of  that  vein Colobina. 

35  (34)     Basal  segment  of  fore  tarsus  of  the  male  longest;    claws  of  each 

tarsus  alike;  hind  wing  with  the  costal  angulation  obtuse, 
and  the  posterior  division  of  the  median  vein  forked  through 
one-third  its  length CkirUomtes. 

36  (33)    Median  caudal  seta  more  rudimentary  or  wanting;    forceps  of  the 

male  distinctly  four- jointed;  posterior  prolongation  of  the 
sternum  of  the  ninth  abdominal  segment  in  the  female  entire 

at  tip 37 

37(38)  Claws  of  each  tarsus  alike;  caudal  setae  at  least  one-half  longer  than 
the  body Siphlurus. 

38  (37)    Claws  of  each  tarsus  unlike;  caudal  setae  about  as  long  as  the  body 

in  both  sexes Amiiaus. 

39  (iS)    Posterior  fork  of  the  median  vein  apparently  sunide,  M|  being  de- 

tached and  i^pearing  as  an  intercakiy;  hind  wings  when 
present  at  least  twice  as  long  as  wide,  and  provided  with 
but  1-3  longitudinal  veins. 40 
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40  (45)    Hind  wings  present 41 

41  (43)    Fore  wings  with  numerous  costal  cross  veins  before  the  bulla;  hind 

wings  with  a  moderate  number  of  aoss  veins.   .  CailibaeHs. 

42  (41)    Fore  wings  without  costal  cross  veins  before  the  bulla;   hind  wings 

without  cross  veins  or  with  but  1-3  of  them 43 

43  (44)     MaiginaJ  intercalaiy  veinlets  in  pairs;    bind  wings  oblong,  with  a 

short  costal  aogulatioD Baetis. 

44  (43)     Marginal  intercalary  veinlets  of  the  fore  wing  single;    hind  wings 

Unear,  with  a  spur-like  costal  angulation.     .    CmtroptUum. 
45(40)    Hind  win^  absent CheoH. 

Nymphs 

I  (11)    Mandibles  with  an  external  tusk-like  ramus,  visible  from  above;  giUs 

on  abdominal  segments  1-7  (often  rudimentary  on  i), 
double,  flattened,  linear,  the  margins  fringed  with  respira- 
tory filaments 2 

a  (9,  10)    Mandibular  tusks  longer  than  the  head  (burrowing  spedes)  .   .    3 

3  (6)    With  no  frontal  prominence 4 

4  (s)    Legs  increasing  in  length  posteriory;  gills  of  the  first  abdominal  seg- 

ment simple;  labnun  longer  than  wide;  maxillary  paipus 
two-jointed Polyntttarcys. 

5  (4)    Legs  decreasing  in  length  posteriorly;  labrum  wider  than  long;  maxil- 

lary palpus  three-jointed. Eulhypiocia. 

6  (3)    With  a  con^icuous  frontal  prominence 7 

7  (8)    Frontal  prominence  rounded Hexagema. 

8  (7)    Frontal  prominence  bifid  at  t^i Ephemera. 

9  (3, 10)    Mandibular  tusks  shorter  than  the  head,  inconspicuous,  only  thdr 

tips  visible  from  above Polomanthus. 

10  (i,  9)    Unknown Campsurus  ajid  PeiUagenia. 

II  (i)    Mandibles  without  projecting  tusk-like  ramus;   gills  not  as  in  i.     13 
13(13)    Eyesdorsal;  body  strongly  depressed;  tarsal  claws  with  lateral  teeth; 

dwdlers  in  rapid  streams  and  on  wave-beaten  shores  adapted 
to  Hinging  to  flat  surfaces  of  rocks,  timbers,  etc 

Beptagenia. 

13(11)    Eyes  lateral;  claws  smooth  or  toothed  below 14 

14(15)    Gills  completely  concealed  under  an  enormously  enlarged,  foui- 
spined  dorsal  thoracic  shield BtuHsca. 

15  (14)     Gills  exposed;  thoracic  dorsum  normal 16 

16  (31)    Outer  caudal  setae  fringed  on  both  sides 17 

■17  (34)    Gills  on  abdominal  segments  1-7  double 18 

18  (31)    Gills  filamentous 19 

19  (30)    Each  a  pair  of  simfrfe  filaments Lepiophlebta. 

30  (19)  Each  a  pair  of  dusters  of  slenderer  filaments.     .   .   .    Habrophkbia. 

31  (18)  Gills  lamelliform,  at  least  on  the  middle  segments 33 

33  (33)  Lamellae  of  each  gill  sunilar Blastunis. 

33  (33)  Lamellae  of  each  gill  markedly  differing  in  form  at  tip.    Chorolerpes. 


.dbyCoOgIc 


939  FRESH-WATER  BIOLOGV 

34  (17)    GUIs  absent  from  one  or  more  of  segments  1-7;  (me  pair  inore  or  lew 

dytroid,  oovering  those  b^ind  it     35 

35  (a8)    (^Ua  pieaent  on  the  seveath  abdominal  segment,  dytroid  on  the  third 

or  fourth  segment;  a  pair  of  tubercles  on  the  ^ical  maigin 

of  each  segment  beside  the  middorsal  line 26 

a6  (37)    Head  smooth  above Epkemtrdh. 

37  (a6)     Head  anned  above  with  a  pair  of  erect  occipital  tubercles.   DruMeBa, 

38  (35)     Gills  absent  from  the  seventh  abdominal  segment,  dytroid  on  the 

second  segment;   no  dorsal  abdominal  tubercles.  ...     39 

39  (30)     Elytroid  gill  cover  subquadrate Caenis. 

30  (39)     Elytrrad  gill  cover  sub  triangular. Tricorylktu. 

31  (16)    Outer  caudal  setae  fringed  only  on  the  inner  side 31 

33  (37)    Posterolateral  angles  of  the  hinder  abdominal  segments  prolonged 

into  thin,  flat,  sharp  lateral  qtines 33 

33  (34)    ^<>^  I^  con^icuously  fringed  with  long  hairs;    gill  tufts  present 

upon  the  base  of  maxillae  and  front  coxae  and  at  bases  of 
Iflini-llap  on  abdomen Chirolonela. 

34  (33)    Poi^  legs  without  conmicuous  fringes;    no  maxillary  or  coxal  gills; 

no  gill  tufts  at  base  of  lamdlae  on  abdomen 35 

35  (31^)    Gil's  double  on  the  basal  abdominal  segments;  end  of  maxilla  fringed 

with  umple  hairs Siphlunu. 

36  (35)    Gill  InnT'll'"'  all  single;  end  of  maxilla  fringed  with  pectinated  hooks. 


37  (33)    Posterolateral  angles  of  the  hinder  abdominal  segments  hardly  morA 

than  acute  —  not  prolonged  in  thin  flat  lateral  spines. .    38 

38  (41)    Gill  lamdlae  simple 39 

39  (40)    Lamellae  obtuse  at  apex;  maxillary  palpus  rounded  at  the  apex. 

BaOit. 

40  (39)    Lamellae  acute  at  apex;  end  of  maxillary  palpus  truncated. 

CmtroptUum. 

41  (38)    Gill  lamellae  double,  at  least  on  some  of  the  anterior  abd<miinal 

segments 41 

43  (43)     Antennae  shorter  than  the  body;  tracheae  of  gill  lamellae  pinnately 

branched Cailiboiiu. 

43  (43)    Antennae  longer  than  the  body;  tracheae  of  gill  lamellae  palmately 

branched Claeon. 


KEY  TO  NORTH  AMERICAN  DRAGONFLIES 

lUAGOS 

I  (31)  Fore  and  hind  wings  similar,  usually  hdd  vertically  in  repose  (damsd- 
flies) Suborder  ZTgoptera    .  .    3 

a  (s)  Quadrangle  (Fig,  1388)  of  the  wings  divided  by  a  number  of  cross  veins; 
antenotlal  cross  vdns  numerous;  pterostigma  lacking  a 
special  brace  vein;  wings  rather  broa^ 3 

3  (4)    Basal  space  (space  before  the  arculus)  in  all  wings  free  from  cross  veins. 

Calopttryx, 
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4  (3)    Basal  space  of  all  wings  traversed  by  cioas  veins Belaeritta. 

5  (3)     Quadrangle  without  cross  veins;  antenodal  cross  veins  but  two  in  each 

wing;  pterostigma  witli  a  brace  vein  at  its  proximal  end  in 
the  space  behind  vein  Ri;   wings  narrower 6 

6  (9)    Vein  M|  arising  (i.e.,  separating  from  vein  Mi+j)  nearer  the  aiculus 

than  the  nodus 7 


CstZ 


=nsprf 


^ 


t^-  c 


Flo.  ijU.  Wine  VKUtlon  Id  the  Odonita:  (a)  ■  dn«DDfly,  Cml^iaiJB'.  (t)  >  dunadfly,  Artla; 
ifii  tbe  region  ai  Che  idgmi.  il.  with  iti  bncc  vidn,  j,  or^  uruJm;  ai,  aul  loop;  br,  bridge;  m,  nodui; 
9.  oUiqae  vcJn;  t,  triuglE;  1',  aubtrluigls;  4,  quidnogls;  if,  Hbqwdnngle:  ?,  bud  nibaalal  am 
nine  I,  vdiK  u  in  Fig.  1386. 

7  (8)    Vein  Mt  separating  from  veui  Mi  at  a  distance  of  several  cells  beyond 

the  subnodal  cross  vein Leslej. 

8  (7)     Vein  M>  separating  from  vein  Mi  close  to  the  subnodal  cross  vein,  less 

than  the  distance  of  one  cdl  beyond  it.      .     Arckileslei. 

9  (6)     V^  M|  arising  nearer  the  nodus  than  the  arculus lo 

10  (11)    Spines  on  the  tibiae  very  long,  twice  as  long  as  the  intervals  between 

them Argia. 

ti  (10)    Spinesof  the  tibiae  hardly  bnger  than  the intervab  between  them.    i3 

13  (16)    No  pale  postocular  ^>ots  on  the  top  of  the  head;   sexes  similarly 

,      cdored 13 

'3  (i4>  15)    Colors  of  dorsum  blue  and  black;  ydlow  beneath  the  thorax. 

ChromagrioH. 

14  (t3i  15)    Colors  of  dorsum  red  and  black;  stout  spedes.  .     AmpUagrion. 

15  (13,  14)    Dorsum   bronzy  green;    slender  spedes.     .    .    .       NehaUetmia. 

16(13)    With  round  or  ovoid  postocular  spots  on  the  head 17 

17  (18)  Sexes  with  a  general  similarity  in  color,  the  female  often  of  a  Ugliter 
shade;  the  superior  abdominal  appendages  of  the  male 
not  strongly  directed  downward  and  inward.  .    .  Bnallapmt, 
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i8  (17)  Sexes  strikingly  unljke  in  color;  a  bifid  process  arisng  from  the 
apical  margin  of  the  loth  abdomiaal  segment  in  the  male 
and  the  superior  abdominal  ^ipendages  strongly  directed 
downward  and  inward. 15 

19  (20)  Males  chiefly  green  and  black,  with  nonnal  rhomboidal  stigma; 
females  with  the  orange  of  the  abdomen  covering  someuiDg 
less  than  the  three  basal  segments  (becoming  wholly  densely 
pruinose  with  age) Iselmura. 

30  (19)    Males  ydlow  or  orange,  with  ovoid  stigma  which  does  not  reach  the 

costal  vein;  females  with  the  four  basal  segments  of  the 
abdomen  yellow  or  orange Anomaia^ion. 

31  (i)     Fore  and   hind  wings  dissimilar,   the  latter  broader  at  the  base 

(diagonflies  proper) Suborder  Anisoptera  .    .     13 

aa  (49)     Triangle  (Fig.  1388)  about  equally  distant  from  arculus  in  fore  and 

hind  wing;  stigma  with  a  brace  vein  at  its  iimer  end  (ezc^t 

in  Cordulegasitr) 13 

33  (14)    Stigma  imbraced Cordulegasler. 

24  (23)    Stigma  braced  at  its  inner  end  against  an  inclined  cross  van  in  the 

space  below  it  (Fig,  1362) 35 

35  (36)     Eyes  widely  separated  on  the  top  of  the  head 26 

36  (27)     Basal  subcostal  cross  vein  (Fig.  1388,  b)  present;  a  linear  01  q>atulate, 

median,  sternal  process  on  the  first  abdominal  segment; 
legs  very  short,  the  hind  femora  hardly  reaching  the  apex 
of  the  first  abdominal  segment Frogompktu. 

37  (16)    Basal  subcostal  cross  vein  usually  wanting;    no  median  stmial 

process  on  the  first  abdominal  segment;  lejp  longer,  the 
hind  femora  reaching  or  surpassing  the  middle  of  the  second 
abdominal  segment a8 

a&  (31)  Hindwingswith3distinctanaIloop(Flg.r388,(i)con£sting  of  several 
cells ,  .   .     39 

39  (3°)  ^"J  '<>0P  nonnally  consisting  of  three  cells;  first  and  fifth  antenodal 
cross  veins  matched  in  position  and  hypertrophied;  stigma 
broad  with  both  sides  convex;  triangles  not  traversed  by 
cross  veins Opkiogompkiu. 

30(39)  Anal  loop  consisting  normally  of  four  cells;  first  and  seventh  antenodd 
cross  veins  matched  in  position  and  hypertrophied;  stigma 
long  and  narrow  with  parallel  sides;  each  triangle  divided 
by  a  cross  vein Hagenius. 

31  (38)  Hind  wings  with  no  distinct  anal  loop,  or  with  one  (insisting  of  a 
angle  cell 33 

33  (33)  Triangle  of  the  fore  wing  one-third  shorter  than  that  of  the  hind 
wing;  generally  a  single  cdl  between  the  bases  of  veins  A| 
and  A, LtMlhut. 

33  (33)    Tnan^e  of  the  fore  wing  less  than  one-fourth  shorter  than  that  of  the 

hind  wing;  generally,  two  or  more  cells  between  A*  and  A| 
at  their  origin 34 

34  (35)    Hind  femora  naked,  or  with  numerous  short  spines.  .  .    Gomphtu. 
35(34)    Hindfemorawithfive  to  seven  long,  strong  spines.  .  Dromogompkus. 
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36  (35)    Eyes  aMMtixiniated  on  the  top  of  the  bead 37 

37  (42)    The  radial  sector  (&,  Fig.  1388,  a)  simple 38 

38  (39)     But  two  cubito-aoal  cross  veins;    vein  Mi  undulate;    supratriangle 

without  cross  veins;  but  one  cross  vein  under  the  stigma. 

Gomphaeschna. 

39  (38)     With  three  or  more  cubito-anal  cross  veins;   vein  Mi  not  undulate; 

supratriangle  divided  by  cross  veins;  several  cross  veins 
under  the  stigma 40 

40  (4  r)     Basal  ^>ace  traversed  by  cross  veins Boyeria. 

41  (40)    Basal  space  open Basiaeschna. 

43(37)     Radial  sector  bearing  an  apical  fork 43 

43  (48}    Sectors  of  the  arculus  (veins  M|_,  and  M,)  separating  from  the 

arculus  at  or  below  its  middle 44 

44  (47)    The  radial  sector  symmetrically  forked:    between  it  and  the  supple- 

mentary vein  below  it,  one  or  two  rows  of  cells 45 

45  (46)     Face  strongly  produced  above,  the  upper  margin  of  the  frons  very 

acute;  the  veins  M|  and  Mi  parallel  to  (lie  level  of  the  stigma; 
radial  sector  and  the  supplementary  vein  below  it  separated 
by  a  single  row  of  cells Nasiaesdtna. 

46  (45)     Face  vertical,  not  sharply  angulate  at  upper  edge  of  frons;  veins 

Ml  and  Mt  approximated  at  the  stigma;  the  radial  sector 
and  the  supplementary  vein  below  it  separated  by  two  rows 
of  cells Epiaeschna. 

47  (44)    The  radial  sector  strongly  deflected  toward  the  stigma  at  the  base  of 

its  fork,  unsymmetric;  between  it  and  the  supplementary 
vein  below  it,  three  to  seven  rows  of  cells.     .    .    .     Aeschna. 

48  (43)     Sectors  of  the  arculus  springing  from  above  the  middle  of  the  arcu- 

lus  Anax. 

49  (23)     Triangle  in  the  hind  wing  much  nearer  the  arculus  than  in  the  fore 

wing;  stigma  without  brace  vein 50 

50  (53)    The  triangle  of  the  hind  wing  placed  considerably  beyond  the  arcu- 

lus; the  anal  loop  well  developed  and  hardly  longer  than 
broad;  more  than  two  cubito-anal  cross  veins 51 

51  (53)    Dorsal  surface  of  the  head  with  the  ocdput  larger  than  the  vertex; 

subtriangle  of  the  fore  wings  usually  divided  by  a  cross  vein; 
four  to  six  cross  veins  in  the  space  above  the  bridge  (Fig.  1388). 

Didymops. 
53  (si)  Dorsal  surface  of  the  head  with  the  occiput  much  smaller  than  the 
vertex;  subtriangle  of  the  fore  wings  generally  open;  two 
or  three  cross  veins  in  the  space  above  the  bridge. 

Macromui. 

S3  (so)  The  trian^e  of  the  hind  wing  retracted  to  the  level  of  the  arculus, 
or  even  passing  it  a  little  sometimes;  the  anal  loop,  greatly 
elongated  (except  in  Nannolhemis)  and  becoming  foot- 
shaped;  one  or  two  cubito-anal  cross  veins S4 
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54  (67)    Sectors  of  the  arculiu  (veins  Mi-i  and  M|)  distinctly  separate  at  thdr 

departure  from  the  arculus;  anal  loop  elongate,  but  not 
distinctly  foot-shaped,  the  toe  part  being  httle  or  not  at  all 
developed;  the  last  anteoodal  cross  veia  extending  from  the 
costal  to  the  radial  veins  (except  in  D.  lintneri,  in  which 
it  generally  extends  only  from  the  costal  to  the  subcostal); 
colors  of  tea  metaUic  blue  or  green  on  thorax  and  abdomen.  55 

55  (56)    Veins  M(  and  Cui  iu  the  fore  wing  parallel  or  a  little  divergent  apicalty. 

the  number  of  rows  of  cells  between  them  increanng  toward 
the  margin  of  the  wing.      Neurocordtdia. 

56  (55)    Veins  M4  and  Cui  in  the  fore  wing  ^^rozimated  toward  the  margin 

of  the  wing 57 

57  (58)    With  large  brown  spots  on  all  wings  at  nodus  and  apex. 

Epicerdnlia. 

58  (57)    No  brown  spots  at  nodus  and  apex 59 

59  (60)    Four  (rarely  five)  antenodal  cross  veins  in  the  hind  wing. 

Taragoneuria. 
^(59)  Usually  more  than  five  antenodal  cross  veins  in  the  hind  wing.  .  61 
61  {63)     Stigma  very  narrowly  diamond-shaped,  with  the  ends  of  it  meetipg 

the  sides  by  an  angle  of  30  to  35° Hdocordulia. 

63  (61)    Stigma  broader,  less  pointed 63 

63  (64)    IViangle  of  fore  wings  open Dorocordtdia. 

64  (63)    Trian^e  of  fore  wings  divided  by  a  cross  vein 65 

65  (66)     Inferior  appendage  at  end  of  male  abdomen  bifurcated.       Cordulta. 

66  (65)    Inferior  appendage  simple Somatochlora. 

67  (54)    TTie  sectors  of  the  arculus  in  close  apposition  or  completely  fused  for 

a  little  way  beyond  the  arculus;  anal  loop  generally  dis- 
tinctly foot-shaped,  with  well-developed  "toe";  the  last 
antenodal  cross  vein  often  discontinuous  at  the  subcostal 
vein 6S 

68  (69)    Triangle  of  the  fore  wings  four-sided;  anal  loop  poorly  developed,  not 

foot-shaped Nannothems. 

6g  (68)  Triangle  of  the  fore  wing  fully  differentiated,  three-sided;  anal  lo(9 
well  developed  and  foot-shaped 70 

70  (71)    Triangle  of  the  fore  wing  with  its  front  and  inner  sides  meeting  by  an 

angle  of  about  100°;  the  subtiiangle  without  cross  veins; 
the  vein  which  bisects  the  anal  loop  straight.  .   .  Periikemis. 

71  (70)    Triangle  of  the  fore  wing  with  its  front  and  inner  aides  meeting  by  an 

angle  of  about  90°;  subtriangle  divided  into  three  or  more 
cells;  bisector  of  the  anal  loop  sinuous 7a 

7a  (8g)  Triangle  of  the  fore  wing  not  placed  distinctly  beyond  the  levd  of  the 
apex  of  the  triangle  in  the  hind  wing;  pterostigma  with  its 
ends  parallel  or  not  distinctly  divergent 73 

73  (84)  The  sectors  of  the  arculus  (veins  M]-|  and  Mi)  in  the  fore  wing  moitt 
or  less  completely  fused  for  a  short  distance  beyond  the 
arculus;  the  triangle  of  the  fore  wing  not  greatly  produced 
posteriorly,  and  (except  in  Celithemts)  normally  containing 
but  a  single  cross  vein,  and  followed  by  two  or  three  rows 
of  cells 74 
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74  (79)    V^  Cui  of  the  hind  wing  departing  from  the  triangle  at  the  hind 

angle ' 75 

75  (76)    Sectors  of  the  arculus  (veins  Mi-i  and  M*}  contiguous,  but  incom- 

pletely fused  for  a  distance  beyond  the  arcidus;    wings 

generally  conspicuously  ^ratted  with  yellow  or  reddish  brown. 

Celithemis. 

76  (75)    Sectors  of  the  arculus  in  the  hind  wing  distinctly  fused  for  a  distance 

beyond  the  arculus 77 

77  (78)     Stigma  short  and  thick,  about  twice  as  long  as  wide;  anal  loop  with 

a  big  heel,  there  being  generally  four  cells  between  the  bi- 
sector and  the  heel  point;  face  pure  white.   .    .  Leucorkmia. 

78  (77)     Stigma  more  than  three  times  as  long  as  wide;  anal  loop  generally 

with  but  two  cells  between  the  bisector  and  the  heel  pomt. 
Sympetrwn. 

79  (74)     Vein  Cui  of  thfr  hind  wing  migrated  a  Uttle  way  up  the  outer  side  of 

the  triangle,  separating  itself  at  a  distance  from  the  hind 
angle 80 

80  (81)    With  a  angle  cross  vein  under  the  stigma,  and  a  long  vacant  space 

before  that  cross  vein Packydifiax. 

8r  (80)    With  two  cross  veins  under  the  stigma  and  the  adjacent  spaces  more 

Qonnal 83 

83  (83)    With  a  single  row  <A  cells  between  veins  Mi  and  R.,  .   .    Mesothemis. 

83  (81)    With  two  rows  of  cells  for  a  distance  between  veins  Mi  and  R,. 

Micraihyria. 

84  (73)    Sectors  of  the  arculus  in  the  fore  wing  contiguous,  but  not  completely 

fused  beyond  the  point  of  their  departure  from  the  arculus; 
radial  sector  distinctly  undulate  (except  in  Ladona) ;  trian^e 
of  the  fore  wing  very  much  elongated  posteriorly  and  narrow 
and  generally  traversed  by  two  or  more  paralld  cross  veins, 
and  followed  by  three  to  seven  rows  of  cells 85 

85  (86)    Vein  M(a  arising  under  the  proximal  fourth  of  the  stigma;  fore  wings 

with  the  subtriangle  consisting  of  three  cells,  and  the  tri- 
angle followed  by  three  rows  of  cells Ladona. 

86  (85)    Vein  M^  arising  under  the  middle  of  the  stigma;  fore  wings  with  the 

subtriangle  consisting  of  four  to  eleven  cells,  and  the  triangle 
usually  followed  by  four  to  six  rows  of  cells 87 

87  (88)    Male  with  no  ventral  hooks  on  the  first  abdominal  segment;  female 

with  the  hind  tibia  a  little  longer  than  the  h&d  femur;  the 
sexes  alike  in  wing  pattern. Ltbellula. 

88  (87)     Male  with  a  pair  of  ventral  hooks  on  the  first  abdominal  segment; 

female  with  the  hind  femur  and  tibia  of  equal  length;  wings 
dissimilarly  colored  in  the  two  sexes PUUhemis. 

89  (71)    Triangle  of  the  fore  wing  placed  beyond  the  level  of  the  apex  of  the 

triangle  of  the  hmd  wing;  stigma  with  its  inner  end  per- 
pendicular, its  outer  end  very  oblique  to  the  bordering  vdns; 
wings  broad  at  base  and  pointed  at  apex 90 

90  (91)    Radial  sector  regularly  curved;  hind  wings  with  a  broad,  basal  colored 

band Tramea. 

91  (90)    Radial  sector  distinctly  undulate;  hind  win^  not  covered  at  base  by 

a  broad  colored  band. PanUUa. 
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I  {aa)    Three  latgc  leaflike  reapiratoty  plates  at  the  apex  of  the  slender  abdo- 

men, and  with  the  btxly  tapering  posteriorly  from  the  head 

(damsel  flies) Suborder  Zygoptttt  .    .       i 

a  (5)  Basal  segment  of  the  antenna  very  large,  as  long  as  the  other  six  to- 
gether; median  lobe  of  the  labium  with  a  very  deep  deft; 
gjlb  thick,  the  lateral  ones  triquetral 3 

3  (4)     Median  deft  of  labium  very  deep,  extending  far  beneath  the  levd  of  the 

base  of  the  lateral  lobes Calopieryx. 

4  (3)     Median  deft  of  the  labium  extending  only  to  the  levd  of  the  base  of 

the  lateral  lobes HOaerirta. 

5  (2)     Basal  segment  of  antenna  not  longer  than  succeeding  single  segments; 

labium  with  a  very  shaliow  dosed  median  deft  or  no  deft 
at  all;  gills  thin,  lameliiform 6 

6  (g)     Median  lobe  of  labium  with  a  short,  dosed,  median  deft;  lateral  lobe 

tri&d  at  end;  movable  hook  bearing  notorial  setae;  gills 
showing  transverse  segmentation 7 

7  (8)     Lateral  lobe  of  the  labium  terminating  in  three  teeth,  between  the 

middle  and  external  of  which  is  situated  a  truncated  and 
serrated  lobe LeUa. 

8  (7)    Three  teeth  only,  terminating  the  lateral  lobe  of  the  labium,  no  trun- 

cated and  serrated  lobe  between  them.     .   .   .     ArckUesUs. 

9  (6)     Median  lobe  of  labium  entire;   lateral  lobe  bifid  at  end;    hook  naked; 

giUsvarious 10 

10  (11)    Labitmi  with  no  raptorial  setae  on  the  mentum  within;  gills  broad, 

thick,  dark  colored,  oval  or  oblong  in  shape  and  obtuse  at 
apex Arpa. 

II  (10)     Labium  with  mental  setae;  gills  thinner,  more  pointed  and  nar- 

rower  II 

12(15)     Hind  angles  of  the  head  strongly  angulate 13 

13  (14)     Gills  widest  beyond  the  middle;   body  slender;  head  half  as  long  as 

wide Chromagrion. 

14  (13)    Gills  widest  across  the  middle;  body  stouter;  head  nearly  as  long  as 

wide Ampkiagrum, 

15(13)    Hind  angles  of  the  head  rounded 16 

16  (17)    Labium  with  one  mental  seta  (and  a  rudimentary  seond  one)  eadi 

side;  antennae  six-jointed;  lateral  lobe  of  the  labium  with 
the  distal  end  above  the  end  hook  hardly  denticulated. 

NthaUennia. 

17  (16)    Labium  with  three  to  five  mental  setae  each  side  (one  may  be  smaller 

than  the  others),  and  end  of  lateral  lobe  denticulated  dis- 
tinctly; antennae  seven-jointed  (with  the  possible  exception 
of  En^agma  anlennaium) 18 

18  (21)     Gills  more  than  half  as  long  as  the  abdomen,  lanceolate;  third  seg- 

ment of  antennae  less  than  a  third  longer  than  the  second.    19 

ig  (30)    Labium  with  four  to  sis  lateral  setae,  generally  with  five,  and  with 

three  (rardy  four)  mental  setae  each  side;  ^lls  often  with 

a  definite  color  pattern EitaUagma. 
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30  (19)    Labium  with  five  or  six  lateral  setae,  and  with  four  mental  setae  each 

aide;  gills  generally  with  DO  distinct  pattern.    .    .   Ischnura. 

31  (18)     Gills  less  than  half  as  long  as  the  abdomen,  narrower  and  with  a  long 

tapering  point;   third  segment  of  antenna  more  than  a  thbd 

longer  than  the  second Anomalagrian. 

33  (1)  Without  external  respiratory  plates,  but  with  a  respiratory  chamber 
inside  the  wide  abdomen;  body  less  slender,  and  not  widest 
across  the  head.     (Dragonflies;   proper.) 

Subonler  AnlMpten  .   .     33 

33  (47)    Labium  flat  or  neariy  so  (the  edges  of  the  lateral  lobes  slightly  up- 

turned in  TiicAiJ^feryx),  without  raptorial  setae 34 

34  OSi  4*^    Labium  with  its  median  lobe  entire;  antennae  four-jointed,  the 

fourth  joint  rudimentary;   fore  tarai  two-jointed:   burrow- 
ing nymphs 35 


m.MbmnUiuBi  mJ,  meiliui  lobe:  0,  Ulcnlbbc;  nu,  mcatU  leUe:  Ji,  litenl  kUc;  Ji,  end  book.  B.toi 
of  Uh  ■>"H<mi  u  Mcn  fron  above:  7,  S,  f.  le,  abdomiiul  Mgmtnta;  i,  iloml  hook^  I,  Iktcnl  tflatti 
I,  lupakit  ■rr*~'*g*:  '1  puml  litenl  iK>EiMUgc*;  c,  inferica  appcndtge*  (end). 

95  (36)  Middle  legs  more  approximate  at  the  base  than  are  the  fore  legs; 
fourth  segment  of  the  antenna  slender,  erect,  about  as  long 
as  the  thud  segment  is  wide;  the  tenth  abdominal  segment 
about  as  long  as  the  ninth Progompkus. 

36  (35)    Middle  I^is  not  more  (usually  less)  approximate  than  the  fore  legs 

at  base;  the  fourth  segment  of  the  antoina  a  mere  rudiment, 
orbicular  or  discoid,  much  shorter  than  the  third  segment 
is  wide;  the  tenth  abdominal  segmmt  much  Sorter  than 
the  ninth 37 

37  (38)    Wing  cases  strongly  divergent  on  the  two  sides;    lateral  lobe  of 

labium  blunt  at  apex Ophiogompkus. 

38  (37)    Wing  cases  laid  closely  parallel  along  the  back;  lateral  lobe  of  labium 

ending  in  a  sharp,  incurved  hook 39 

39  (30)    Abdomen  very  thin  and  flat,  circular  in  outline  as  aeax  from  above; 

third  segment  of  antenna  flat  and  subdrcular.    .    Hagemus. 

30  (39)    Abdomen  less  depressed,  ovate  to  lanceolate  in  outline,  at  least  twice 

as  long  as  wide 31 

31  (33)    Third  joint  of  antenna  very  flat,  thin,  and  in  outline  drcular  or 

broadly  ovaL Laniimt. 
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33  (31)    Third  joint  of  antenna  elongate,  linear,  little  flattened.     ■  ■  ■    33 

33  (34)    Dorsum  of  the  ninth  abdominal  segment  rounded,  or  with  a  low, 

obtuse,  median  longitudinal  ridge Gompkut. 

34  (33)    Ninth  abdominal  segment  with  a  sharp  mid-dorsal  ridge,  ending  in  a 

straight  ^ical  qiine Drimagompfau. 

35  (24, 46)    Labium  with  a  short  median  deft;  antennae  sevm-jointed, 

setaceous;  tarsi  three- join  ted;  climbing  nymphs,  with  eyes 
at  sides  of  head 36 

36  (39)    Hind  angles  of  the  head,  viewed  from  above,  sharply  angulate. .    37 

37  (38)    Lateral  lobe  of  labium  squarely  truncate  on  apex.     ....  Boyeria. 

38  (37)    Lateral  lobe  of  labium  with  taper-pointed  apex.    .   .   .   Bastaesckm. 

39  (36)    Hind  angles  of  the  head  obtusely  rounded 40 

40  (45)    With  lateral  spines  on  abdominal  segments  4-,  5-,  or  6-9.     .   .    41 

41  (44)    With  lateral  spines  on  segments  4-,  or  5-9 43 

43  (43)    With  dorsal  hooks  on  abdominal  s^pnents  7-9.     .   .  Nanaetckna. 

43  (43)    With  no  dorsal  hooks  on  abdomen Epiaeschna. 

44  (41)    With  lateral  ^lines  on  abdominal  segments  6-9 AescJma. 

45  (40)    With  lateral  ^ines  on  abdominal  s^ments  7-9 Anax. 

46(34,35)    Labium  with  a  shallow  median  cleft;  antennae  seven-jointed; 

short;    squatting  nymphs,  with  face  vertical,  and  eyes  on 

anterolateral  angles;  depressed;   hairy;  tarsi  three-jointed. 

Tat^^eryx. 

47  (33)    Labium  mask-shaped  or  ^)oon-shi4>ed,  when  dosed,  covering  the 

face  up  to  the  bases  of  the  antennae,  aimed  with  raptorial 
setae 48 

48  (49)    The  prominent  median  lobe  of  the  labium  deft  into  two  variously 

formed  teeth  at  apex CordutegasUr. 

49  (48)    The  median  lobe  of  the  labium  entire 50 

50  (53)    Head  with  a  prominent  pyramidal  frontal  horn;    abdomen  flat  and 

.  almost  circular  in  outline  as  seen  from  above;  legs  long, 
giving  a  spiderlike  aspect  to  these  big  nymphs;  the  tenth 
abdominal  segment  wdl  exposed,  not  tdeacoped  in  the  apex 
of  the  ninth  segment;  teeth  on  the  lateral  lobes  of  the  labium 
with  deep  incisiona  between  them 51 

51  (53)    Head  hardly  as  wide  across  the  eyes  as  across  the  bulging  hind  angles; 

lateral  ^ines  not  incurved,  those  of  the  ninth  abdoiunal 
segment  hardly  surpassed  by  the  tips  of  the  appendages; 
dorsum  of  the  tenth  abdominal  segment  with  no  trace  of  a 
dorsal  hook. Didymops. 

53  (51)  Head  widest  across  the  eyes;  spines  of  the  ninth  abdominal  segment 
porter,  not  nearly  reaching  the  level  of  the  t^>ices  of  the  ap- 
peoda^;  dorsum  of  the  tenth  segment  witji  a  veiy  nidi- 
mentaiy  dorsal  hook Macromia. 

53  (50)  Head  without  pyramidal  frontal  horn;  abdomen  less  flattened,  more 
dongate;  teeth  on  the  lateral  lobes  of  the  labium  much 
wid^  than  high 54 
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54  (65)    Lateral  appendages  of  the  abdomeo  more  than  half  as  long  as  the 

taueriors;  hind  femora  longer  than  the  head  is  wide;  when 
the  lateral  spines  are  long,  then  there  is  a  full  series  of  big, 
cultrifonn  dorsal  hooks  on  the  abdomen 55 

55  (56)    Lateral  setae  four  or  five;  mentum  about  as  long  as  wide. 

Bpkordutia. 

56  (55)    Lateral  setae  seven;  mentmn  of  labium  longer  than  wide.      .   .     57 

57  (61)    Abdomen  with  large,  laterally  flattened,  generally  cultriform  dorsal 

hooks 58 

58  (59)    Lateral  spines  of  the  ninth  segment  longer  than  half  the  length  of 

that  segment;  dorsal  hooks  on  segments  3-9,  highest  on  6, 
cultriform,  and  diaip Telragoneuria. 

59  (58)    Lateral  spines  of  the  ninth  segment  shorter  than  half  of  that  segment; 

dorsal  hooks  less  developed 60 

60  (61)    Dorsal  hooks  on  segments  4-9  laterally  flattened,  but  not  cultriform. 

Somaiochlora. 

61  (60)    Dorsal  hooks  on  segments  6-9,  longest  on  8  and  cultriform. 

Belocordulia, 

63  (57)    Abdomen  with  no  dorsal  hooks,  or  with  these  rudimentary,  not 

flattened  laterally  or  cultriform,  but  small  obtuse  or  pointed 

prominences 63 

63  (64)    Hind  angles  of  the  head  rounded;  lateral  spines  of  the  ninth  abdominal 

segment  one-fifth  as  long  as  that  segment.  .   .   .     Cordutta. 

64  (63)    Hind  angles  of  the  bead  angulate  superiorly;    spines  of  the  ninth 

abdominal  segment  one-third  as  long  as  that  segment. 

Dorocordulia, 

65  (54)     Lateral  abdominal  appendages  generally  less  than  half  the  length  of 

the  inferiors;  hind  femora  generally  as  long  as  the  head  is 
wide;  often  when  the  lateral  spines  of  the  abdomen  are  long 
the  dorsal  hooks  are  wanting  or  reduced 66 

66  (67)    With  large,  cultriform  dorsal  hooks  on  abdominal  segments  3-9;  eyes 

small  and  utuated  on  the  mid-lateral  margin  of  the  head  and 
directed  laterally.      PerUhemis. 

67  (66)     With  no  dorsal  hook  on  the  ninth  abdominal  segment;    eyes  over- 

dreading  more  or  less  the  anterolateral  margins  of  the 
head 68 

68  (85)    Basal  segment  of  the  hind  tarsus  more  than  half  as  long  as  the  second 

segment;  lateral  appendages  of  the  abdomen  not  more  than 
half  as  long  as  the  inferiors  (except  m  LibeUvla  quadri- 
maailata);  superior  abdominal  appendage  regularly  tapering 
to  a  point 69 

69  (70)    Abdominal  appendages  strongly  decurved;    lateral  spines  wanting 

or  extremely  rudimentary Meso&emiz. 

JO  (69)    Abdominal  appendages  straight  or  very  slightly  declined;    lateral 

spines  evident  on  abdominal  segments  8  and  9.  .  .  .  .  71 
ji  (74)    With  no  dorsal  hooks  at  all 73 
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73  (73)  Abdomen  smooth,  depressed;  head  tvrice  as  wide  as  long,  with  eyes 
very  promment  latOTally;  latend  spines  large  and  strai^t; 
supenor  appoidage  one-thinl  shorter  than  the  inferiors. 

Packydiplax. 

73  {73)  Abdomen  hairy  at  the  apex;  lateral  ^)iDe3  small  and  sharply  in- 
curved;   superior  appendage  as  long  as  the  inferiors. 


74  (7 1)    Doiaal  hooka  jKesent,  at  least  on  the  middle  abdominal  segments.   75 

75  (80)    Abdomen  ovate  in  outline,  rather  abruptly  narrowed  to  the  posterior 

end;  hind  margin  of  the  eye;  behind  the  middle  of  the 
head 76 

76  (77}    Lateral  spines  long  and  atr^ght;  abdomen  not  narrowed  posterioriy 

before  the  eighth  segment Ctlitkeaoi. 

77  (76)    Lateral  spines  shorter  and  more  or  less  incurvate;    the  abdomen 

more  or  less  narrowed  before  the  eighth  segment.  ...     78 

78  (79}    Dorsal  hooks  as  long  as  the  segments  which  bear  them.    Leucorkinia. 

79  (78)    Doisal  hooks  shwter  than  the  segments  which  bear  them. 

Sympetrum. 

80  (75)    Abdomen  lanceolate  in  outline,  slowly  narrowed  to  the  pointed 

posterior  end;  eyes  c^iping  the  prominent  antoolateral 
angles  of  the  head,  their  hind  margin  generally  before  the 
middle  of  the  top  of  the  bead;  body  generally  hairy. .    81 

81  (83)    The  tenth  abdominal  segment  with  subcarinate  lateral  margins; 

appendages  very  long;  lateral  setae  0-3 Ladotta. 

83  (81)    The  tenth  abdominal  s^ment  shorter,  cylindric;  aj^Kndages  shorter; 

lateral  setae  5-10. 83 

S3  (84)    Head  a  little  nanowed  behind  the  eyes;  front  border  of  the  median 
lobe  of  the  labium  entire Libdiula. 

84  (83}    Head  not  nuiowed  behind  the  eyes  to  the  hind  angles;  front  border 

of  the  median  labial  lobe  deoulate PlatMemii. 

85  (68)     Basal  segment  of  the  bind  tarsus  half  as  long  as  the  second  segment; 

lateral  appendages  of  the  abdomen  at  least  three-fourths 
as  long  as  the  inferiors;  lateral  setae  10  or  more;  superior 
appendage  of  the  abdomen  suddenly  contracted  at  its  basal 
third,  the  dorsal  two-thirds  forming  a  long  slender  point.    86 

86  (87)    Movable  hook  of  labium  long  and  slender,  setiform;   teeth  much 

broader  than  high;  spines  of  the  eighth  segment  one-half 
longer  than  the  ninth  segment;  superior  abdominal  ^ipend- 
age  shorter  than  the  inferiors.     Tramea, 

87  (86)    Movable  hook  of  the  labium  short,  hardly  longer  than  the  teeth; 

teeth  higher  than  broad;  spines  of  the  eighth  segment  as 
long  as  the  ninth  s^ment;  superior  appendage  equaling 
the  inferiors. PoMlala. 
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KEY  TO  AQUATIC  AND  SEMI-AQUATIC  HEMIPTERA 

I  (8)  AnteDDae  longer  than  the  head,  free.  Fonns  that  walk  on  the  water,  a 
a  (5)  Last  segment  of  tarsi  split,  daws  inseited  before  the  apex.  ...  3 
3(4)     Beak  four-jointed;  intermediate  and  posterior  legs  eztiemely  long  and 

slender;  body  widest  back  of  the  prothorax. 

Family  Geuudae. 

4  (3)     Beak  three-jointed;  none  of  the  legs  extremely  long  and  slender;  body 

widest  across  the  piothoraz Family  Veuidae. 

5  (3)     Last  segment  of  tarsi  entire,  daws  inserted  at  the  apex 6 

6  (7)     Body  linear;  head  as  long  as  thorax;  legs  extremely  long  and  slender; 

beak  not  readuug  anterior  coxae.    Family  Hydroheisidae. 

7  (6)    Bodyoval;headshorterthanthorax;legsnotextiemelylongandslender; 

beak  reaching  intermediate  coxae.    .  Family  ACANTHnoAE. 

8  (i)    Antennae  shorter  than  the  head,  nearly  or  quite  conceded  beneath  the 

margin  of  the  head,  or  in  a  cavity  beneath  the  eyes.      .     9 

9  (13}    Ocelli  two;  anterior  coxal  cavities  open  behind;  antennae  four-jointed, 

simple.    (Live  near  the  water) 10 

10  (11)    Fore  legs  slender,  fitted  for  running;  eyes  triangular. 

Family  Pelogonidae. 

II  (10)    Fore  legs  stout,  fitted  for  gra^ung;  eyes  projecting,  subglobose. 

Family  Nerihriidae. 

13  (9)    Ocelli  none;  anterior  cox^  cavities  open  or  dosed  behind;  antennae 

three  or  four-jointed,  simple  or  with  some  of  the  segments 

produced  into  alateral  hook.     (Live  in  the  water).    .    .     13 

13  (33]    Anterior  coxal  cavities  dosed  behind;  antennae  four-jointed,  simple 

or  hooked 14 

14  (is)    Antennae  simple;  no  caudal  appendages;  fore  tegs  fitted  for  grasping, 

middle  and  hind  legs  for  walking.    .   .  Family  Nadcoridae. 

15  (14)     Second  and  third  (sometimes  fourth)  joint  of  antennae  produced  into 

lateral  hooks;  end  of  abdomen  with  a  pair  of  caudal  append- 
ages; fore  If^  fitted  for  grasping,  middle  and  hind  legs  for 
walking  or  swimming 16 

16  (29)     Antennae  four-jointed;  caudal  appendages  short,  strap-shaped,  re- 

tractile; middle  and  hind  legs  flattened,  fitted  for  swimming; 
tarsi  two-jointed.    .   .   .    Family  Belostouatidae  .   .     17 

17  (18)    Fore  tarsus  with  two  claws Sydrocirius. 

18  (17)    Fore  tarsus  with  a  single  claw 19 

19  (23)    Mesothorax  with  a  strong  mid-ventral  keel 10 

ao  (21)  An  internal  tooth  borne  upon  both  Joints  two  and  three  of  the  an- 
tenna;  all  the  ventral  surface  of  the  body  hairy.    Serpkus. 

31  (30)  An  internal  tooth  borne  upon  joints  two,  three  and  four  of  the 
antennae;  venter  hairy  only  in  the  middle.  .   .   .      Abedia. 

33(19)    Mesothorax  without  mid-ventral  k(^;  antennae  four-jointed.  .   .    33 

a$  (26)  Funow  of  the  membrane  of  the  fore  wing  regularly  curved;  an  acute 
internal  tooth  on  antennal  segments  two  and  three,  the 
fourth  simple  and  pointed.      34 

14  (as)  Membrane  of  the  fore  wing  small;  the  reentrant  angle  seen  at  either 
side  of  the  front  of  the  head  when  viewed  from  above  is 
wholly  in  the  front Pedtnocotis. 


.dbyCoOgIc 


934  FRESH-WATER  BIOLOGY 

35  (34)    Membrane  large;   reentnnt  an^e  bordered  externally  t^  the  1^ 

itself  (ZaitAa  of  moat  of  our  literature).    .   .    .      BdosUma. 

36  (3j)    Furrow  of  wing  membrane  S-ahaped;    a.  recurved  intemal  tootfa 

borne  on  antennal  segments  two,  three  and  four.  ...     37 

37  (38)     Front  femora  grooved  internally  for  the  reception  of  the  tibia  {BelM- 

loma  of  most  of  our  literature) Amori^. 

38  (37)    Front  femora  not  grooved  internally Benaau. 

39  (16)    Antennae  three-jointed;  caudal  appendages  long,  filiform,  ^ooved; 

middle  and  hind  lep  fitted  for  walking;  taiai  (Mie-jcMnted. 
Family  Nefidaz  .   .    30 

30  (31)    Body  oval;   legs  not  extremely  long  and  slender^   [m>thorax  much 

broader  than  head;  anterior  femora  but  little  longer  than 
tibiae Nepa. 

31  (30)     Body  linear;    legs  extremely  long  and  slender;    prothoraz  but  Uttle 

brcuder  than  bead;    anterior  femora  more  than  twice  as 

king  as  tibiae Ranatra. 

33  (13)    Anterior  coxal  cavities  open  behind;  antennae  three  or  foui-jointed, 
without  lateral  hooks 33 

33  (38)    Head  inserted  in  the  prothorax;  antennae  four-jointed;  beak  three 

or  four-jointed,  not  retractile;  anterior  tarsi  one  or  two- 
jointed,  of  the  usual  form,  with  two  daws. 

Family  Noionzctdae  ,  .    34 

34  (37)    Antennae  inserted  in  cavity  beneath  eyes,  second  j<^t  thickest; 

bind  legs  flattened,  dliated,  fitted  for  swimming;  abdomen 
keeled  and  haiiy.     (Size  larger) 35 

35  (36)    Last  jomt  of  antenna  leas  than  half  as  long  as  tbe  third,  wbidi  is 

fringed  with  capitate  haiis.  Hind  taisi  without  daws. 
(Body  stouter) Nobmecta. 

36  (35)    Last  joint  of  antenna  fringed  with  capitate  hairs,  and  many  times 

longer  than  the  third,  which  is  very  small  and  inconspicuous. 
Hind  tarsi  with  claws.     (Body  more  slender).    .    .    Bvenoa. 

37  (34)    Antennae  inserted  beneath  the  margin  of  the  head,  third  joint  longest 

and  thickest;  hind  legs  like  the  middle  legs,  tarsi '  with 
claws;  abdomen  not  keeled  or  hairy.  (Size  smaller,  not 
over  3  mm.  bng) Plea. 

38  (33)    Head  overlapping  tbe  prothorax;    antennae  three  or  four-jointed; 

beak  short,  unjointed,  retractile;  anterior  tarsi  one-seg- 
mented, flattened,  with  a  fringe  of  hairs  on  tbe  edge,  and 
without  daws Family  Cokixidae. 


KEY  TO  NORTH  AMERICAN  AQUATIC  NEUROPTERA 
Adults 

I  (4)  Vdns  cf  the  wing  disc  all  ending  in  a  succession  of  symmetrical  forks, 
the  terminal  forks  forming  a  distinct  periphery  zone; 
antennae  moniliform. .    .     Family  Hemerobiidae      .    .     2 

a  (3)  Ihe  median  vein  repeatedly  forked;  some  of  the  brandies  of  vein  Cui 
agam  forked Sityra. 
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4  (i)    Vema  of  the  wing  disc  extending  outward  in  straighter  lines,  forks 

fewer  and  lesa  symmetrical;  antennae  cylindric  senate,  or 
pectinate Family  Siaudidae  .   .     $ 

5  (6)    Fourth  s^ment  of  the  tarsus  bilobed;  posterior  branch  of  the  radial 

sector  forked.    No  ocelli SUUis. 


Fn.  ij9a.   FMvwfauicil 


and  CUmaiia  (betow]. 


6  is)    Fourth  segment  of  the  tarsus  ^mpje,  cylindric;  posterior  branch  of  the 

radial  sector  Simple.    Three  ocelli 7 

7  (8)    Hind  angles  of  the  head  rounded;    the  median  vein  two-branched; 

antennae  with  segments  enlarged  distally.     .    .   Chaulicdts. 

8  (7)     Hind  angles  of  the  head  bearing  a  sharp  angulation  or  tooth;   median 

vein  three-brancbed;   segments  of  the  antennae  Q'liDdric. 

Laxvae 

1  (4)    Mouth  parts  adapted  for  pierdng  and  sucking,  prolonged  to  half  the 

length  of  the  body;  living  on  fresh-water  sponges.     ...  3 

2  (3)     Setae  on  the  dorsum  of  the  thoras  pedunculate  (i.e.,  the  setigerous 

tubercles  elevated  considerably  above  the  level  of  the  integ- 
ument); the  outer  covering  of  the  pupal  case  spun  by  the 
larva  is  of  a  beautiful  hexagonal  mesh Climacia. 

3  (i)    Thoradc  setae  sessile;  the  outer  covering  of  the  pupal  case  is  close  woven. 

Sixyra. 

4  (i)     Mouth  parts  adapted  for  biting 5 

5  ({0    The  last  abdominal  segment  produced  in  a  kng,  median,  laterally  fringed 

tail-like  process;  a  pair  of  lateral  filaments  on  abdominal 
laments  1-7 SiaHs. 
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6  (5)    Lut  abdomina]  segment  bifurcated,  the  fleshy  forks  each  bearing  a 

pair  of  hooks  and  a  minute,  external,  lateral  filantent;   con- 
'  spkuous  lateral  filaments  on  abdominal  segments  1-8.  .     7 

7  (8)    LAteral  filaments  with  no  tuft  of  fine  tracheal  gills  at  their  bases. 

Chauliodes. 

8  (7)    Lateral  filaments  each  with  a  tuft  of  fine  tracheal  rIUs  at  its  base. 

Corydatit. 


KEY  TO  NORTH  AMERICAN  CADDISFLIES 

I  (3)    MidCMaddisflJes;  very  small,  mothlike,  hairy,  the  fore  wings  bearing 

numerous  erect  davate  hairs;  the  marginal  fringe  of  the 
wings  longer  than  their  greatest  breadth;  form  of  wings 
narrowly  lanceolate;  antennae  rather  stout  and  not  longer 

than  fore  wings. Family  Hydrophudae. 

a  (i)  Laiger  caddisflies,  with  broader  wing?;  marginal  fringes  never  as  long 
as  the  wings'are  broad;  antennae  usually  longei  than  the  fore 
wings 3 

3  (36)    Maxillary  palpus  five-jointed 4 

4  (19)    Last  joint  of  the  maxillaiy  palpus  simple,  and  not  longer  than  the 

other  j(nDts. 5 

5  (lo)    Ocelli  present 6 

6  (9)    Front  tibiae  with  two  or  three  spurs,  middle  tibiae  with  fourq)uis.     7 

7  (8)    The  first  two  jdnts  of  the  mazillaiy  palpus  short  and  thick,  the  third 

joint  much  longer  and  thinner.  .  Family  Reyacophiudae. 

8  (7)    The  second  jimt  of  the  maxillary  palpus  much  longer  than  the  Gist. 

Females Family  Phbyganeidae. 

9  (6)    Front  tibiae  with  a  single  q>ur,  or  with  none;  middle  tibiae  with  only  two 

or  three  spurs.    Females.      .   .   .  Family  Ldcnopkilidae. 

10  (5)    Ocelli  wanting 11 

II  (13)    A  dosed  cell  in  the  principal  fork  of  the  median  vein  in  the  fore  wings. 

Family  Cauuioceratdae. 

13  (11)    No  dosed  cell  in  the  median  fork 13 

13  (18)    A  closed  cell  in  the  first  fork  of  the  radial  sector  (R^ 14 

14(17)    Both  branches  of  the  radial  sector  forked 15 

15  (16)    Veins  Ri  and  Ri  conSuent  apically  or  connected  by  an  apical  cross 

vein  in  the  fore  wing.    Females.  .  Family  Odontocsridae. 

16  (15)    Veins  Ri  and  Ri  not  connected  apically. 

Family  Sekicostohahdae. 

17  (14)    Only  the  anterior  brandi  of  the  radial  sector  forked. 

Family  Leptoceudae. 
tS  (13)    No  dosed  cell  in  the  first  fork  of  the  radial  sector. 

Family  Molannidae. 

19  (4)    Last  joint  of  the  maxillary  palpus  usually  much  longer  than  the  others, 

twisted,  and  divided  inq^erfectly  into  subaegments.    .    .     39 

30  (31)     Ocelli  present Family  PHOOPOTAiimAE. 
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31  (30)  Ocelli  wanting »3 

23  (35)  Front  tibiae  with  three  spurs Family  Polycentrofidae. 

33(33)  Spurs  of  the  float  tibiae  fewer  than  three 34 

34  (25)  Anterior  branch  of  the  radial  sector  in  the  fore  wing  forked. 

Family  HyDROFSVcmDAE. 

35  (34)    Anterior  brandi  of  the  radial  sector  simple. 

Family  PsvcHOifYnDAE. 


Fio.  iMi-   "nw  wlngi  of  ■  caddbB;,  Bjintsydi*. 

a6  (3)     Maxillary  palpi  with  fewer  than  five  joints. 37 

37  (38)     Maxillary  palpi  with  four  joints;   ocelli  present.       Males. 

Family  Phksoaneidae. 

38  (37)    Maxillaiy  palpi  with  two  or  three  joints. 39 

39  (jo)    Maxillary  palpi  filiform  with  cylindric  smooth  joints;  fore  tibiae  with 

a  single  spur.    Males. Family  Liunophilidae. 

30  (39)  Mazilary  palpi  hairy  or  scaly,  apraessed  against  and  often  covering 
the  face;  foie  tituae  with  two  spurs.    Males. 

Family  Sericostoiutidae. 

KEY  TO  NORTH  AMERICAN  AQUATIC  BEETLES 
Adults 

I  (3)  Hind  tarsi  with  the  antepenultimate  segment  broadly  bitobed,  and 
receiving  the  rudimentary  penultimate  segment  (which  is 
closely  fused  with  the  base  of  the  last  segment)  in  its  apical 
notch Family  Chrysouelidae. 

3  (i)    Bind  taisi  with  the  last  three  segments  free  and  similai  in  form. .  .    3 

3  (8)     Hind  legs  shorter  than  the  fore;   eyes  four,  two  above  and  two  on  the 

under  surface  of  the  head.  .   .    .  Family  Gykinidae  .   .    4 

4  (7)  Last  abd<xmnal  segment  rounded  posteriorly  and  smooth  below.  .  .  5 
5(6)  Wngof  tbemetastemum(ur,Fig.  i393)broadlytiiangular.  .  Dintuta. 
6  (s)    Wing  ol  the  metasternum  naiiow,  ekmgate,  widened  cmly  at  its  extrems 

outer  end Gyrmui. 
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7  (4)    Lait  abdominal  segment  elongate  pyramidal,  and  furnished  with  a  mid- 

ventral  line  of  haira. GyreUi. 

8  (3]    Hind   legs   longer   than    the   fore;    eyes 


K>  (13) 


13  00 


9  (14)  Base  of  the  hind  legs  covered  by  broad 
ovetiapping  cozal  plates. 

Family  Haliflidae  .    .     10 
Cozal  plates  concealing  only  the  three 
basal  segments  of  the  abdomen; 
last  segment  of   palpi  shorter 
than  the  preceding  segment.    1 1 
Pronotum  widest  before  the  middle. 

Brychius. 
Pronotum  widest  at  the  rear  end. 

Ealiplus. 

13  (10)  Cozal  plates  concealing  all  but  the  last 
of  the  ventral  abdominal  seg- 
ments; last  segment  of  palpi 
longer  than  the  preceding  seg- 
ment  Pdtodyies. 

14(9)    Base  of  the  bind  legs  ezposed .   ...     15 

15  (48)  Antennae  shorter  than  the  palpi;  legs 
usually  with  swimming  fringes. 
Family  HvDKOPHiLiDAE.    .     16 

t6  (33)     Scutellum  wanting  or  indistinct  or  very 
small  and  scalelike.     Posterior 
femora  subcylindiical  and  not 
noticeably  widened  in  the  mid- 
dle; prothoraz  narrowed  behind,  aspect  I 
narrower  than  the  elytra.     TTie 
spedes    are    small,    elongate,  m»n.c«^i  n  urau 
roughly  sculptured,  greyi^  or  ^v'^j^'lsie?''  I" 
nearly  black,  and  usuaUy  tinged  a^^^^'W^p^: 
with  bronze  and  metallic  col-  JfJ^j/JJ^iii 

iu;  f,  the  cool  tunxu  ami  r. 


I7(«>)  ScuteUum  indistinct,  or  apparently  want-  S3'h™'UwTTubS^M 
ing;  if  at  all  evident  it  is  tenuiaifivcjcinUi  i.i.j.j.f.t. 
distinctly  triangular  and  acute.  ™^i'ri^f oJ^I^Si  iu- 

SpecieS  from  I-a  mm.  long.      18    thiiu, mpeetivdy;  B.'uriagof  the 

18(19)  Pronottun  without  striae;  maxillary  palpi  ■.cpimaDn  of  ^  wcccMm''thoc- 
as  long  as  the  head  and  thorax  ™  SSSm  Sw^i'SSiVto 
together,  the  ultimate  segment  ti» firm,  ud  the  wofkrdcriitiK 
longer  than  the  penultimate;  S2k^  Ju^^Sit^fe^ 
elytra  with  more  than  ten  rows  cod  of  the  caul  line. 
of  punctures.  .    .    .     Hydraena. 

19  (18)  Pronotum  bearing  from  one  to  five  longitudinal  striae  or  abbreviated 
grooves;  the  aiaxiilary  palpi  much  shorter  than  the  head 
and  thorax  together,  the  ultimate  segment  shorter  than  the 
penultimate;  elytra  with  oidy  ten  rows  of  punctures. 

Octkebiv. 
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90  (17)    Scutellum  appearing  as  a  very  small  but  distinct  scale,  shaped  like 
the  kst  joint  of  one's  thumb;  the  ultimate  segment  of  labial 

dpus  longer  than  the  penultimate.    Spedes  from  3H5  mm. 
g. ai 

31  (33)    The  pronotum  bearing  five  longitudinal  striae;  labial  palpi  moderately 

large Bdopkorus. 

22  (31)     The  pronotum  coarsely  punctured  but  without  longitudinal  striae; 
labial  palpi  short Bydrodnu. 

33  (r6)     Scutellum  distinct,  moderately  large.     Posterior  femora  flattened 

and  distinctly  widened  at  their  middle;  prothorax  not 
narrowed  posteriorly,  as  wide  as  the  elytra  at  their  base. 
The  spedes  are  small  or  large,  of  oval,  elhptical  or  even 
hemispherical  form,  with  not  very  coarse  sculpture,  and 
are  commonly  pitchy  black,  often  more  or  less  testaceous, 
very  occasionally  widi  metaihc  tinges 34 

34  (43)     Metastemum  not  prolonged  into  a  spine;    tarsi  not  compressed. 

The  spedes  of  this  group  are  all  smaller  than  those  of  the 
next,  less  than  9  mm.  long.     .    .    .    .■ 35 

35  (26)     Fifth  ventral  segment  with  a  deep  notch  in  the  middle  of  its  apical 

border ;  middle  and  posterior  tibiae  and  tarsi  l»aring  a  dose- 
set  fringe  of  long  silky  setae;  scutellum  elongate,  acute. 

Beroius. 

36  (25)     Fifth  ventral  segment  not  notched;  tibiae  and  tarsi  not  fimbri- 

ate  37 

37  (38)     First  two  ventral  segments  concealed  by  whitish  translucent  plates, 

one  on  each  side,  upon  which  are  a  number  of  long  appressed 
setae.  The  spedes  are  very  convex,  have  a  tendency  to 
partially  roll  up  like  a  sow-bug,  and  are  from  1-2  nun.  in 

length.    ■ Chaetartkria. 

a8  (37)    No  such  pktes  over  the  first  ventral  segments 39 

39  (30)     Posterior  tibiae  incurved,  small  at  base  and  considerably  enlarged  at 
their  apex Laccobius. 

30  (39)     Posterior  tibiae  straight;  little  or  not  at  all  thickened  at  thcirapex.  31 

31  (33)    Abdomen   with   apparently  eight   ventral   segments.     The    single 

Bpedcs  is  i)  mm.  long;  of  a  black  color  with  pale  le^. 

Limntbiits. 

33  (31)    Abdomen  with  five  ventral  segments,  the  tip  of  the  sixth  often 

visible 33 

33  (40)    Terminal  segment  of  the  maxillaty  palpus  rarely  as  long  as,  usually 

shorter  than,  the  preceding  segment 34 

34  (35)    Eljrtra  deeply  longitudinally  striate;   tarsi  of  the  middle  and  pos- 

terior legs  with  only  four  segments Beloambus. 

35  {34)    Elytra  not  striate 36 

$6  (39)     Mesostemum  with  a  feeble  transverse  carina  or  simple 37 

37  (38)     Mesostemum  with  a  feeble  transverse  carina;    tarai  of  the  middle   ■ 

and  posterior  legs  with  four  segments Cyminodyla. 

38  (37)    Mesostemum  ^mple;  all  tarsi  with  five  segments,  the  first  usually 

triangular Edochares, 
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39  (36)    Mesostemum  with  a  longitudinal  carina;  all  tarsi  with  five  s^menti, 

the  fint  one  small PhiStydnis. 

40  (33)    Terminal  segment  of  maziUaiy  pa^  distinctly  longer  than   the 

penijtimatc. 41 

41  (43)     I<arge  spedes  6.5-8.5  mm.;    the  elytra  distinctly  striate  or  striato- 

punctate Hydrobua. 

42  (41)    Small  species  I-5-3-5  mm.;  the  elytra  not  striate  but  with  confused 

punctuation CrenipkUus. 

43  (34)    Metastemum  prolonged  into  an  acute  spine;  tarsi  compressed  so  as 

to  be  oarlike.  The  color  is  always  pitchy  black,  occasion- 
ally with  yellow  margins.     The  size  varies  from  9  to  35 

44  (45)    Metastemum  ivoduced  into  a  short  spine  never  projectiDg  as  far 

as  the  posterior  margin  of  the  first  ventral  segment.  Pro- 
sternum  acutely  carinate  but  not  grooved  for  the  reception 
of  the  mesostemal  carina Hydrockaris. 

45  (44)    Metatarsal  spine  very  long  and  acute,  extending  always  beyond  the 

posterior  margin  of  the  first  ventral  segment.  Prostemum 
with  a  keel-shaped  process  which  is  deeply  grooved  for  the 
reception  of  mesost^nal  carina,  thus  locking  pro-  and  meso- 
thorax  together 46 

46  (47)    length  about  10  mm.    Terminal  segment  of  maxillary  palfu  as  long 

as  or  longer  than  the  preceding;  the  antepenultimate  seg- 
ment straight;  claws  ^mple Tropistenais. 

47  (46)    Length  about  35  mm.    Terminal  segment  of  maxillary  palpi  much 

shorter  than  the  preceding;  the  antepenultimate  segment 
arcuate;  claws  toothed Eydropkiltu. 

48  (15}    Antennae  longer  than  the  palpi  (equaling  them  in  a  few  rifSe  beetles). 

49 

49  (90)    Hind  OKiae  broadly  flattened  out  and  solidly  fused  with  the  meta< 

sternum 50 

50  (51)     Metastemum  divided  by  a  transverse  suture  which  separates  a  short 

sclerite  before  the  base  of  the  hind  coxae. 

Family  Ampbuoidab. 

A  single  genus  from  western  mountain  streams.  Ampkuoa. 
51(50)  Metastemum  not  thus  divided. .  .  .  .  Family  Dytiscidae  .  .  51 
53  (6r)    Scutellum  invisible 53 

53  (54)    Third  and  fourth  segments  of  the  fore  and  middle  tarsi  not  greatly 

different  from  the  others;  prostemal  process  acute  posterioriy. 
Loccophilus. 

54  (53)    Third  segment  of  the  fore  and  middle  tarsi  deeply  bilobed,  the  fourth 

segment  rudimentary  or  wanting 55 

55  (56)    Base  of  thorax  imited  to  the  elytra  by  a  short  impressed  line  on  each 

side,  continued  without  inteiruprion  across  the  border  of 
each;  hind  margin  of  the  posterior  coxae  grown  solidly 
coherent  with  the  first  ventral  segment  of  the  abdomen, 
which  b  considerably  enlarged;  form  elongate;  very  small. 
BitUstits. 

56  (55)    Base  of  thorax  and  elytra  without  a  continuous  impressed  line. .     57 
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57  (58)    Hind  margiii  of  the  posterior  (x>zae  grown  solidly  coherent  mth  the 

firat  segment  of  the  abdomen,  which  is  considerably  enlarged; 
form  round  and  very  convex;  shining;  small. 

Desmopaekria. 

58  (57)     I£nd  margjn  of  the  posterior  coxae  overlapping  but  not  coherent 

with  the  first  segment  of  the  abdomen,  which  is  not  espe- 
cially enlarged.  Form  various,  but  never  so  round  and 
convex  as  Desmopackria,  nor  so  small  and  elongate  as 
Bidessus 59 

59  (60)    Hind  coxal  processes  each  divided  by  a  deep  posterior  notch,  the 

inner  nunus  appressed  against  the  firat  abdominal  segment. 
Bydrovatus. 

60  (59)     Hind  coxal  process  not  so  formed Hydroponis. 

(In  the  broader  sense,  as  used  here  this  genus  includes 
Codambui,  Deronectes-) 

61  (53)    Scutellum  visible 63 

63(63)    Clypeal  suture  entire , .   .   .     DyHscta. 

63  (63)    Clypeal  suture  inromplete 64 

64  (65)    More  than  30  mm.  long;  inferior  apaz  of  hind  tibiae  much  dilated, 

bifid,  much  broader  than  other  ^ur Cybisttr. 

65  (64)    Less  than  30  mm.  long;  the  two  ^urs  of  the  hind  tibiae  of  equal  or 

nearly  equal  breadth 66 

66  (73)    Distal  margin  of  each  segment  of  the  hind  tarsi  beset  with  a  trans- 

verse row  of  minute  appressed  bristles;  anterior  tarst  of 
male  with  dilated  segments  forming  a  round  disc.     .    .     67 

67  (68)     Spurs  of  hind  tibiae  acute  at  tip;  daws  of  hind  tarsi  unequal,  the 

inner  one  sometimes  obsolete Bydalicus. 

68  (67)    Spurs  of  hind  tibiae  emarginate  at  tip;  daws  fA  hind  tarsi  equal  or 

nearly  so 69 

69  (70)    Elytra  closely  punctate,  usually  four-sulcate;  female.      ,   .  AcUim. 

70(69)    Elytra  not  punctate,  partly  adculate  in  female 71 

71  (73)     Middle  femora  beset  with  elongate  setae;  female.  Thermonectts, 

71(71)     Middle  femora  beset  with  short  and  stout  setae.     .   .    .     Grapkoderes. 

73  (66)    Hind  tarsi  without  such  appressed  bristles;  anterior  tarsi  of  female 

with  dilated  segments  forming  an  oval  disc 74 

74  (79)    A  linear  group  of  minute  setae  present  upon  the  postero-extemal  an^e 

of  the  hind  femora 75 

75  (76)     Claws  of  the  hind  tarsus  unequal;    the  tarsal  segments  produced 

posteriorly  in  overlapping  lobes llyhau. 

76  (75)     Claws  of  the  hind  tarsus  equal  and  segments  simple 77 

77  (78)    A^^ng  of  the  metastemum  very  narrow  and  deflezed  around  the 

front  border  of  the  external  lamina  of  the  hind  coxa. 

Ilybiosoma. 

78  {77)    Wing  of  the  metastemum  wedge-shaped,  less  noticeably  deflexed. 

AfiAus. 

79  (74}    No  such  linear  group  of  setae  on  the  postero-ezteraal  angle  of  the 

hind  femora 80 

80(81,83,83)    Suriace  of  the  elytra  reticulate SctOopkna. 
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8i  (80,  Si,  83)    Surface  of  the  elytra  ttansversely  adculate.   .   .    Cdymheles. 
ia  (80,  81,  83)    Surface  of  the  elytra  with  eight  to  ten  tongitudina]  striae. 

Copelatiu. 

83  (80,  81,  81]    Surface  of  the  elytra  otherwise  sculptured  or  plain.     .   .    84 

84  (85)    Piostenium  plainly  longitudinally  sidcate;  q>edea  reddish  brown. 

U<aus. 
&S  (84)    Proetenium  not  sulcate 86 

86  (87)     Apical  segment  of  each  palpus  distinctly  emarginatc.    CopitOomus. 

87  (86)    Apical  segments  of  palpi  obtuse  or  tnincate 88 

88  (89)     Claws  of  the  hind  tarsus  equal Agabeta. 

89  (88)     Claws  of  the  hind  tarsus  unequal RhafUus. 

90  (49)    Hind  coxae  free 91 

91  (no)     Claws  large;    the  three  basal  ventral  segments  of  the  abdomen 

fused  together,  obliterating  the  sutures. 

Family  PAxmDAE  .    .     93 
93  (93)    Ventral  abdominal  segments  (see  Fig.  1393)  seven  in  number. 

Puphemts. 

93  (93)    Ventral  abdominal  segments  five  in  number 94 

94  (103)    Fore  coxae  transversely  elongated 95 

95  (101)    Sternum  of  the  prothorax  prolonged  forward  beneath  the  head  in  a 

flat  rounded  lobe;  head  retracted  within  the  front  of  tbe 
prothorax;  the  two  tusal  segments  of  the  antennae  dis- 
tinctly enlarged 96 

96  (97)    Body  rounded  in  outline Lutrocims. 

97  (96)    Body  oblong,  elongate. 98 

98  (99)    Antennae  approximate,  the  terminal  segments  pectinate.    Petonomui. 

99  (98)    Antennae  distant  at  base 100 

100  (toi)    Antennae  slender Throscinus. 

loi  (100)    Antennae  short  and  thick,  the  secc»id  joint  triangularly  dilated,  the 

close-set  dbtal  segments  lamellate Dryopt. 

I03  (95)    Sternum  of  prothorax  not  greatly  produced  forward;   head  free; 

antennae  long  and  serrate  (California) Lara. 

103  (94)     Fore  <»zae  rounded 104 

to4  (109)     Sternum  of  prothorax  produced  forward  in  a  flat  rounded  lobe; 

head  retracted  within  the  front  of  tbe  prothorax.  .    .    .   105 

105  (ro8)    Anteimae  eleven-jointed 106 

106  (107)     Fore  tibiae  pubescent  internally Elms. 

107  (ro6)    Fore  tibiae  bare  internally Stendmts. 

108  (ros)    Antennae  ^-jointed Macnmydna. 

109  (104)    Sternum  of  prothorax  not  produced  forward;  head  free. 

Ancyrottyx. 
no  (91)    Claws  of  moderate  size;  basal  ventral  segments  free. 

Family  Dascvludab. 
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Lasvae 


I  (4)    Herbivorous  larvae  with  short,  broad  inconspicuous  mandibles. 

Family  Chkysoueudae  .    .       3 

9  (3)    Feeding  exposed  on  the  floating  leaves  of  water  lilies,  etc.;   elongate 

brownish  larvae  of  sluggish  habits Galerucdia. 

3  (3)     Short  arcuate  grublike  larvae,  white  and  translucent,  feeding  on  the 

submerged  roots  of  aquatic  plants Donacia. 

4  (i)    Carnivorous  larvae,  with  prominent  mandibles 5 

5  (11)     Mandibles  sickle-shaped  without  internal  teeth,  but  with  an  internal 

groove  or  perforation  extending  almost  from  base  to  apex.  6 

6  (7)    End  of  the  abdomen  with  two  pairs  of  strong  claws,  and  the  middle 

segments  bearing  single  pairs  of  long  lateral  filaments. 

Family  Gyxinisae. 

7  (6)    No  daws  at  end  of  abdomen ,      8 

8  (1 1)    Eyes  in  groups  of  five;  one  daw  on  eadi  tarsus. 

Family  HAiiFLmAE  .   .     9 

9  (10)    Body  nearly  smooth,  ending  in  a  long  tail Baliplvs. 

10  (9)     Body  bearing  numerous  very  long  and  conspicuous  bristlelike  fila- 

ments; no  tail Fdtodyla. 

II  (8)    Eyes  in  groups  of  six;   two  daws  on  each  tareus. 

Family  DynsciDAE. 
13(5]    Mandibles  toothed  internally,  at  base  or  in  the  middle 13 

13  (r4)    Tarsi  with  two  daws Amphtxoa. 

14  (13)    A  single  claw  on  each  tarsus.     '. 15 

15  (16)    Antennae  as  long  as  or  longer  than  the  thorax. 

Family  DasCyllidae. 
16(15)    Antennae  shorter  than  the  thorax 17 

17  (18)    Larvae  depressed;  end  of  the  abdomen  with  short  cerd;  gills,  when 

present,  ventral  in  position Family  Pasnidae. 

18  (17)    Body  little  depressed;   cerd  wanting;  gpUs  rarely  present  (and  then 

lateral  in  position,  Btrottu).   .  .     Family  Hvsxophilidax. 


KEY  TO  NORTH  AMERICAN  AQUATIC  DIPTEROUS  LARVAE 

I  (6s)  Head  dutinous,  free,  or  retracted  within  the  front  of  the  prothorax. 
Pupa  usually  free;  when  concealed  in  the  old  larval  skin, 
that  skin  splits  on  emergence  of  the  imago  in  a  iongitudisal 
I-  or  T-shai>ed  deft    .    .    .    Suborder  Orthorrimpha  ,    .     3 

a  (58)  Mandibles  opposed  to  each  other,  or  inclined  obliquely  downward 
and  opposed  to  a  stron^y  chitinized  labial  border. 

Nematocera  .   .     3 

3  (4)    Body  stion^y  depressed,  and  with  a  row  of  ^  ventral  sucken  fn 

attachment  to  the  rock  bed  of  rapid  streams. 

Family  BlsfhakoCERIDAX. 

4  (3)    Body  c^indric,  and  usually  lacking  ventral  suckers;  when  ventral 

suckers  axe  devdcqied  they  an  more  than  six. 5 
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5  (6)     Head  imperfectly  chitinized  in  the  rear,  and  wholly  retracted  within 

the  prothoraz;  posterior  spirades  situate  upon  a  respiratory 
disc Family  TtPULmAE. 

6  (5)    Head  fully  developed  and  usually  free 7 

7  (35)    No  prolegs  developed  upon  tix  prothoraz 8 

8  (11}    Piolegs  developed  upon  some  of  the  anterior  segments  of  the  ab- 

domen       9 

9  (10)    The  body  terminates  in  a  very  bog  and  oouspicuous  respiratory  tube. 

Family  Ptychopteridae. 

10  (9)    Without  respiratory  tube,  body  U-sbaped  in  locomotion. 

Family  Ddodae. 

11  (8)    Body  without  piolegs 13 

13  (31)    Hiorai  thickened,  the  outline  of  its  constituent  segments  moie  or 

less  confluent;  a  fin  of  swimming  hairs  develc^>ed  beneath 
the  end  of  the  abdomen,  and  often  a  respiratory  tube  on 
the  dorsal  side Family  CuLicn>A£  .   .     13 

13  (36)    The  last  abdominal  segment  with  a  single  dorsal  breathing  tube, 

through  which  may  be  seen  a  pair  of  large  tracheae.     .   .     14 

14  (i  5)    Antennae  fold  back  against  head  and  terminate  in  two  or  three  daws. 

Corelhrdia. 

15  (14)     Antennae  usually  only  with  a  few  small  erect  bristles  and  one  or  two 

pointed  processes,  or  pendent  and  raptorial 16 

t6  (23)    With  brush  of  hairs  projecting  forward  from  the  mouth,  vibratHe.    17 

17  (aa)    Antemiac  not  pendent  and  raptorial 18 

18  (19)     No  ventral  brush  or  rudder  on  last  abdominal  s^ment  beyond  air 

tube;  small  species,  one  of  which  13  found  in  water  io 
pitcher  plant Wyeomyia. 

19  (18)    Last  segment  with  ventral  brush 30 

30  (31)    Head  with  thick  spines;  with  four  blood  gills;   with  stellate  h^rs  <hi 

the  abdomen.     Small  species. .   VroHOtaetaa. 

ai  (30)    Head  without  stout  spines  in  addition  to  the  usual  setae. 

Cvlac  (sens.  tat). 
as  (17)    Antennae  pendent  and  raptorial :   .   .   .   .  Uochlonyx. 

33  (16)    Mouth  brush  folded  outward,  raptorial,  not  vibratOe. 34 

34  (35)    A  plate  on  the  side  of  nghth  abdominal  segment.     .   .  Megarkinui. 

35  (34)    A  patch  of  small  scales  on  the  aide  of  the  eighth  abdominal  segment. 

Psorofhora. 

96  (13)    Last  segment  without  long  breathing  tube 37 

37  (30)    Last  segment  doisally  with  a  flat  area  in  which  may  be  aeea  two 

spirades 2S 

aS  (39)    large  q>edes  with  the  anal  segment  bladderlike.    Mandibles  strongly 

developed. Petortrnpit. 

39(38)    Spedes  of  medium  size  with  anal  segment  c^indricaL    .  .  Anophdej. 
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30  (37)     Last  segment  usually  with  hooks,  no  spiracles  apparent.     Larva 

transparent Corethra. 

31  (13)    Body  cylindric,  or  depressed  fusiform 33 

3'  (33i  34)    Body  ending  in  two  fleshy  points Family  Rhyphidae. 

33  (33>  34)     Body  endmg  in  a  tapering  segment  tipped  with  a  tuft  or  drdet 

of  hairs Ceratopogontae  of  CEntONOumAE. 

34  (3^1  33)     Body  ending  in  a  strongly  chitinized  terminal  segment,  usually 

produced  in  chitinous  respiratory  tube.    .   .   Psychodidae. 

35  (7)    Prothorax  with  one  or  two  piolegs. 36 

36  (57)    A  pair  of  prolegs  beneath  the  prothorax,  and  another  pair  at  the  end 

of  the  abdomen Family  CHiKON0im>AE    ,   .    37 

37  (38)     Abdomen  with  prominent  raunded  elevations  or  cushions,  with  rows 

of  teeth  on  the  inferio-anterior  angles  of  the  segments. 

Psamatlaomyia. 
3^  (37)    Abdominal  segments  without  cushions 39 

39  (40)    With  retractile  antennae,  the  latter  often  quite  long,  long  stiltlike 

legs,  the  caudal  tufts  of  hair  mounted  on  cylindjical  processes. 
Tanypus. 

40  (39)    Not  with  all  the  above  characters.    .   .  ^ 41 

41(44)    Wth  the  two  caudal  hair  tufts  mounted  on  cylindrical  projections.   43 
43  (43)     With  blood  gills  on  venter  of  eleventh  segment.    .    .    Hydrobaenus. 

43  (43)    With  blood  gills  only  at  end  of  twelfth  segment.     .    .  Metriocnemus. 

44  (41)     Caudal  tufts  on  small  rounded  papillae 45 

45  (4S)    Antennae  elongate,  at  least  one-half  as  long  as  and  often  as  long  as 

or  longer  than  the  head 46 

46  (47)    Antenna  with  one  or  two  sense  organs  at  tip  of  second  segment. 

(Rendered  visible  in  preserved  material  by  soaking  in 
water) Tanylarsus. 

47  (46)    Antenna  at  most  with  a  seta  at  tip  of  second  segment  at  side  of  the 

third  segment. Corynoneura. 

48  (45)    Antennae  short 49 

49  (50)    Larvae 'usually  blood  red;  eleventh  body  segment  with  two  pairs  of 

blood  gills Chironomus  (in  part). 

50  (49)    Larvae  greenish,  yellowish,  or  whitish 51 

51  (53)    TTie  maxilliary  palpus  usually  noticeably  longer  than  broad.    Larva 

in  pools,  pond  water,  or  slow  streams  ....  CkiroHomits. 
53  (51)    Palpus  about  as  long  as  broad 53 

53  (54)    Full-grown  larva  not  over  6  mm.  long,  green  or  bluish-green  in  color. 

Anterior  abdominal  segments  of  greater  diameter  than  the 
posterior  ones.  Mandibles  often  transversely  wrinkled; 
the  anterior  prtdegs  usually  with  pectinate  setae. 

Cricolopus,  Ortkodadius. 

54  (53)    Full-grown  larva  over  6  mm.  in  length;  mandible  not  transversely 

wrinkled 55 

55  (51^)    Labium  with  teeth  all  rounded Diameta. 

$6  (55)    Labium  with  middle  tooth  broadly  truncate.   ....  Thalaisoinyia. 
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57  (36)    A  single  median  prol^  on  the  piotboraz  and  a  terminal  sucking  disc 

upon  the  abdomen,  serving  for  attachment  to  stones  in 
rapid  streams;  abdomen  broadened  posteiiorly. 

Family  Sdiuliidae. 

58  (1)    Mandibles  decurved,  parallel,  theic  motion  vertical,  or  nearly  so. 

Brachycara  .   .     59 

59  (64)    Posterior  spiracles  placed  together  within  a  terminal  deft.  ...     60 
60(65)    Terminal  deft  vertical;  head  retractile. 

Family  Tabanidae  ,   .    61 

61  (6a)    Last  antenna!  se^ent  much  longer  than  the  one  preceding;   dorsal 

areas  striated  like  those  of  the  abdomen.     .    .    .    Chrysops. 

61  (61)    Last  antennal  segment  not  longer,  usually  much  shorter,  than  the  one 

preceding;  dorsal  areas  smooth  or  striated,  but  those  of  the 

thorax  nearly  or  quite  free  from  striae Tabaina. 

63  (60)    Terminal  deft  transverse;  head  not  retractile. 

Family  STRATioimiDAE. 

64  (59)    Posterior  spirades  separate Family  Lbptidae. 

65  (i)    HeaA  membranous,  very  imperfectly  devdoped,  oft^i  apparently 

wanting.    Pupa  formed  in  the  haidened  and  contracted 

larval  win  {puparium),  which  opens  by  a  circular  cap  or  lid. 

Suborder  Cydoduplia. 


Notei  Ackmnricdgment  Is  hereby  nutde  of  help  gencrou^  jivenln  the  preparation  «f  the 
fowini  keyi  in  puta  u  [ollowi:  in  Hcmiptera  t^  Mr.  C.  R.  Ptuaketti  in  Cokoptok  tgr 
Dr.  J.  C.  Bradley;  In  Dipten  by  Dr.  O.  A.  Jahwuuen. 
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CHAPTER  XXVm 
MOSS  ANIMALCULES  (BRYOZOA) 

By  CHARLES  B.  0AVENPORT 

DkeHar  ifimSialimfiit  BafrrimtiMI  Eteliilum,  CM  5^ii>f  Barbar,  Ltmt  hbad,  N.T. 

pROUiNENr  among  the  animais  commooly  discovered  in  fresh 
water  are  the  Bryozoa,  or  moss  animalcules,  also  called  Polyzoa. 
They  are  forms  of  exceedingly  delicate  and  attractive  appearance, 
often  so  transparent  that  under  favorable  circumstances  the  entire 
structure  may  be  made  out  under  the  microscope.  Almost  all 
species  form  colonies  composed  of  many  individual  animals  (zooids) 
united  together  and  the  whole  mass  is  not  only  easUy  visible  but 
often  cons[ucuous,  whereas  the  separate  zooids  are  so  minute  that 
they  can  ordinarily  be  detected  only  with  a  hand  lens.  These 
colonies  take  the  form  of  branching  threads  spread  on  the  surface 
of  stones,  sticks,  submerged  plants  or  other  objects  in  the  water. 
Others  produce  a  thick  crust,  while  still  others  form  solid  jelly-like 
masses  which  in  one  species  reach  the  size  of  the  closed  fist  and  not 
infrequently  surpass  that  (Fig.  1401).  The  bulk  of  this  mass  cou- 
nts of  transparent  or'  faintly  tinged  gelatinous  material  from 
which  the  individual  zooids  project  into  the 'water  as  they  also 
do  from  the  filamentous  colonies  previously  mentioned.  The 
expanded  "head"  (lophophore)  of  the  zooid  with  its  crown  of 
tentacies  is  difficult  to  see  since  the  animals  are  exceedingly  timid 
and  respond  to  the  slightest  disturbance  by  retreating  instantly 
within  their  protective  covers  where 
they  remain  even  long  after  the  water 
has  become  quiet  again.  Continuous 
study  of  the  colony  in  a  dish  of  fresh 
water  is  rewarded  by  the  appearance  of 
the  ^reading  disks  or  heads,  until  the  surface  of  the  colony  blossoms 
with  abundant  groups  of  delicate  tentacles.     (Fig.  1393.) 

All  are  essentially  sessile,  but  a  few,  like  CristaleUa  and  Pectina- 
Idla,  have  the  capacity  for  a  alight  movement  of  the  colony  on 
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the  substratum.  The  nature  of  the  colony  fonnation  is  variable: 
sometimes  close,  forming  a  corm  of  zooids  fused  into  one  mass,  as  in 
Crislai^ia;  sometimes  loose,  each  zooid  being  distinct,  as  in  UmaUUa. 
E^ch  zooid  has  a  structure  not  unlike  that  of  a  rotifer.  It 
secretes  a  resistant  outer  covering.  This  is  calcareous  in  some  of 
the  marine  forms,  but  is  generally  chitinous  or  gelab'nous  in  those 
of  fresh  water.  So  prominent  and  variable  is  this  cuticula  (con- 
stituting the  "zooedum,"  or  "cell")  that  its  form  is  frequently 
used  as  a  means  of  distinguishing  spedes.  The  body  wall  is  very 
thin,  having  relinquished  its  protective  function  in  favor  of  the 
cuticula.  It  is  separated  from  the  viscera  by  a  relatively  enor- 
mous body  cavity.  In  the  case  of  species  whose  zooids  are  fused 
together  the  body  cavities  are  confluent.  The  alimentary  tract  is 
relatively  simple.  It  consists  of  a  U-shaped  tube  whose  only 
glands  are  localized  in  the  epithelium  of  its  walls.  The  mouth 
end  of  the  tube  is  furnished  with  a  corona  of  numerous  ciliated 
tentacles  which  create  a  vortex  at  the  mouth.  The  mouth  is,  in 
one  order  of  fresh- water  species  (Phylactolaemata),  provided  with 
an  "epistome"  or  protecting  flap.  A  long  esophagus  leads  to  the 
capacious  stomach  and  this  to  the  flask-shf^>ed  rectum.  The 
anus  lies  near  the  mouth  either  outside  or  inside  the  corona  of 
tentacles.  For  protection,  the  tentacles  can  be  retracted  quickly 
under  the  shelter  of  the  body  cuticula  like  the  proboscis  of  certain 
polychaetes.  There  are  numerous  long  slender  muscles  effecting 
the  retraction.  The  nervous  system  is  simple.  A  brain  lies  between 
esophagus  and  rectum  and  sends  nerves  to  tentacles  and  alimentary 
tract.  Circulation  is  effected  by  the  general  fluid  of  the  body 
cavity.  Well  defined  excretory  tubules  seem  to  be  misang  if  we 
except  the  doubtful  case  of  certain  Phylactolaemata.  In  the 
Gynmolaemata  the  viscera  periodically  degenerate  into  a  brownish 
mass,  a  new  alimentary  tract  regenerates,  and  the  degenerated 
mass  passes  through  the  wall  of  the  gut  and  is  expelled  by  the  anus. 
Eggs  are  formed  on  the  body  wall  and,  in  Phylactolaemata,  the 
sperm  on  the  mesentery  ("funiculus").  In  the  marine  species  the 
embryos  early  become  free-swimming,  but  in  Phylactolaemata  they 
develop  in  a  sort  of  uterus  until  they  are  young  colonies.*    These 

Ve  maiitlfica,  jttiiviai  ■  udbU  Inc  nrimiDiiic  ipbofctl  hm  wliidi 
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are  then  set  free,  and,  after  a  time,  settle  and  affix  themselves. 
Like  other  sessile  forms,  Bryozoa  have  gained  a  variety  of  methods 
of  reproduction.  Ordinary  sexual  reproduction  and  budding  have 
been  already  mentioned.  In  some  Phylactolaemata  —  Pectinaiella 
and  CrislakUa  —  the  colonies  occasionally  undergo  fission  and 
move  apart,  and  the  same  process  occurs  regularly  in  Umaidla. 
Statoblast  formation,  which  occurs  on  the  funiculus  in  Phylacto- 
laemata, is  mentioned  below. 

The  fresh-water  Bryozoa  do  not  constitute  a  natural  group  of 
animals,  but  have  descended  from  ancestors  belonging  to  widely 
distinct  families.  There  can  be  no  question  that  these  ancestors 
were  marine  animals.  Excepting  the  suborder  Phylactolaemata, 
all  fresh-water  Bryozoa  belong  to  groups  most  of  whose  representa- 
tives are  marine.  The  fresh-water  forms  seem  to  have  made  their 
way  up  estuaries  and  rivers  to  lakes  and  ponds.  Here  they  acquired 
the  capacity  of  forming  statoblasts  or  hibemacula,  by  virtue  of 
which  the  species  was  enabled,  on  the  one  hand,  to  survive  the 
winter  and,  on  the  other,  to  be  carried  by  waterfowl  and  winds 
over  divides  from  one  drainage  basin  to  another.  Thus  the  fresh- 
water species  have  become  nearly  cosmopolitan.  Plumatdla 
princeps  has  been  found  in  North  and  South  America,  through- 
out Europe,  in  Molucca,  Japan,  and  Australia — i.e.,  in  all  but  (me 
of  the  great  geographical  divisions  of  the  land  areas  of  the  globe. 

The  fresh-water  Bryozoa  live  in  all  kinds  of  fresh  waters  and  are 
indeed  among  the  most  ubiquitous  of  aquatic  animals.  They  are 
found  m  stagnant  pools  and  in  rushing  rivers,  although  particular 
species  favor  spedal  habitats.  The  different  species  of  Pluma- 
tella  occur  in  varied  habitats.  Paludicella  and  Peciinaiella  favor 
running  water  and  Lophopus,  CristaleUa,  and  PlumateUa  polymorpha 
favor  quiet  ponds.  The  fresh-water  Bryozoa  feed  on  microscopic 
organisms  which  are  caught  in  the  vortex  created  by  their  ciliated 
tentacles.  Diatoms  are  especially  conspicuous  objects  in  their 
alimentary  tracts.  Since  diatoms  require  light  for  their  construc- 
tive metabolism,  they  are  found  chiefly  in  the  upper  strata  of  the 
water,  and  consequently  Bryozoa  are  usually  not  found  at  great 
depths.  However,  in  a  mass  of  material  dredged  by  Professor  H. 
B.  Ward  from  the  Middle  Ground,  Traverse  Bay,  Lake  Michigan, 
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at  a  depth  of  23  to  36  meters,  Paludicella  ekrenbergU  and  Frederi- 
ceUa  sultana  were  abundant.  Although  Crislatella  is  usually  found 
on  the  underside  of  floating  lily  pads  or  in  other  situations  near 
the  surface,  I  have  obtained  it  from  the  still  waters  of  Trinity 
Lake,  Westchester  County,  New  York,  at  a  depth  of  2  to  3  meters. 
Asper  records  dredging  FredericeUa  sviiana  in  certain  Swiss  lakes 
at  a  depth  of  50  to  80  meters.  Little  light  penetrates  to  such  a 
depth,  and  we  may  conclude  that  light  is  not  at  all  directly  neces- 
sary for  the  development  of  fresh-water  Bryozoa.  Indeed,  masses 
of  Paludicella  are  sometimes  obtained  from  water  p^>es  where  they 
flourish  to  an  alarming  extent. 

The  Bryozoa  have  become  adapted  to  life  in  ponds  by  fonning 
statoblasts  at  certain  seasons  of  the  year.  The  entire  significance 
of  the  statoblasts  has  not  been  determined.  Typically,  they  winter 
over  and  one  may  find  the  shores  strewn  with  them  in  the  early 
spring.  They  hatch  out  in  New  England  late  in  May  or  early  in 
June.  So  the  statoblasts  have  come  to  be  regarded  as  winter  buds, 
er  adaptations  to  preserve  the  race  from  being  killed  oS  by  freezing 
of  the  water.  They  often  begin  to  develop  early  in  the  summer, 
and  I  have  observed  what  has  been  seen  by  European  observers, 
that  some  statoblasts  hatch  in  nature  even  in  September.  Also 
Fr.  MfUler  has  informed  KraepeUn  that  the  fresh-water  Bryozoa 
of  Blumenbau,  Brazil,  which  experience  no  winters,  nevertheless 
form  statoblasts.  It  seen^  fair  to  conclude  that  there  are  other 
functions  performed  by  the  statoblasts  than  resistance  to  winter. 
For  instance,  they  serve  to  maintain  the  species  during  drought, 
or  they  aid  in  distribution  by  clinging  to  the  waterfowl  or  resisting 
the  action  of  digestive  fluids.  The  wide  distribution  of  the  species 
of  fresh-water  Bryozoa  indicates  the  value  of  the  statoblast  in  the 
process  of  dispersion.  For  a  detailed  account  of  the  distribution 
of  the  fresh-water  species  in  the  United  States  see  Davenport  (1904). 

Preserving.  —  The  chief  difficulties  in  the  way  of  preserving 
fresh-water  Bryozoa  arise,  first,  from  the  rapid  contraction  of  the 
polypides  into  the  conn,  and,  secondly,  in  the  case  of  the  gelatin- 
ous forms,  from  the  large  amount  of  water  in  the  body;  for,  if  the 
specific  gravity  of  the  killing  or  preserving  medium  is  very  differ- 
ent from  that  of  the  water,  distortion  will  occur. 
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To  kill  expanded  it  is  necessary  first  to  narcotize.  Chloral 
hydrate  is  used,  added  slowly  in  crystals  until  the  polypides  do  not 
react  to  touch.  To  preserve  in  the  natural  form,  the  animals  may  be 
plunged  directly  into  4  per  cent  formaldehyde  (formalin,  10  per  cent). 

The  classification  of  fresh-water  Bryozoa  has  been  in  a  state  of 
great  confusion  owing  to  the  great  variability  in  the  form  of  the 
colony.  The  form  of  the  colony  depends  very  largely  upon  external 
factors,  such  as  food  supply,  form  of  substrattmi,  and  crowding. 
The  statoblast  has  a  form  that  is  quite  independent  of  external 
factors,  and  upon  it,  consequently,  great  stress  is  laid  in  systematic 
work.  The  form  of  the  statoblast  is,  however,  not  wholly  uncor- 
related  with  that  of  the  stock,  so  the  form  of  the  stock  is  to  be 
considered.  In  the  following  classification  that  proposed  by 
Kraepelin  has  been  adopted  entire. 

KEY  TO  NORTH  AMERICAN  FRESH-WATER  BRYOZOA 

I  (a)    Anus  opening  in^de  the  tentacular  cnTona;    tentacles  incapable  of 

complete  retraction Subclass  Bndopiocta. 

Only  one  species  known  in  North  America. 

Umakila  gracUis  heidy  iS$i. 

Stock  (xiDsistinj:  of  a  basal  plate,  from  which 
that  usually  arise  tvo  segineiitcd  sterna  tcnni- 
Dating  [□  the  polyisde.    More  rarely  one  or 


Fia.  1194-  Vnulcaa  fHcJIu.  (a)  Colonr  ba 
niuukiUTa'al  Havwia.  XiJ.  (After  Davn 
pott.}    <t)  Single  polyp.     (After  Leidy.) 


3  (i)    Anus  opening  outside  the  tentacular  corona,  which  is  capable  of  being 
retracted. Subclass  Ectopioctt  .    .  3 

3  (6)    Zooeda  sharply  separated  from  each  other;  no  epiatome. 

Order  GjnutoUemata  .    .  4 

4  (5)    Stock  consists  of  stolons  from  which  at  intervals  an  erect  cylindrical, 
hyaline  sin^  zooid  arises,  having  a  terminal  aperture. 

Pottstella  erecta  Potts  1S84. 


penetrat 


tades.    lUtriUt, 

„  „  -,--=—  {Epkyialia  Idiyi).     From 

CnA,  Moalgomery  Co.,  Pennsylvvila. 


Lophophore  drcular,         .  . 
phoCophil:  on  upper  surface  of  stones 
-enetrating  incrusting (b»i-.. 


Flo.  i»s.    PtUaiiOa  tr 
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S  (4}  Stock  composed  of  zooidi  that  are  sharply  separated  from  one  another 
by  partitions;  sparsely,  usually  oppositely  branched;  with 
a  chitinous  cuticula.  The  zooids  are  club-shaped  and  have 
a  lateral,  quadrangular  aperture  near  the  larger,  distal  end. 
Paludicella  ehrmbergii  van  Beneden  1848. 


Zootdt  about  1  mm.  long:  latcnl  buds  partly  repent, 
partly  erect  1  itxiut  16  tentades.  Habitat,  flowing  streams; 
cHxaaiooaity  ld  water  pipea.  From  Maasadiuictta.  Pom- 
■ytvania,  Illinoii,  and  Lalce  Michigan. 


6(3)    Zooeda  confluent;    epistome   present.    .  Order  PhTlactolaematk.   .     7 

7  (i4>  ^5)    Statoblasts  without  books,  rounded  at  ends S 

8  (9)  Stock  branched  in  form  of  antlers;  more  rarely  massed  with  recumbent 
and  elevated  tubes;  mostly  brown  or  incrusted  with  algae 
and  grains  of  sand;  rarely  hyaline. 

Praterkella  sultana  Blumenbach  1774. 


'Hibei  cytindrital,  tbe  older  ones  mostly  keeled. 
Without  complete  disseinments.  Apertures  terminal 
at  tbe  broadened  or  bifid  ends  of  tubes.  Polypide 
very  long  and  slender:  teotades  Biranged  in  a  nnily 
circular  corona.  Few  tentacles,  not  exceeding  m. 
Statobta^  dtrk  brown,  bean-diaped  or  elliptical, 
without  float,  and  with  smooth  upper  suiface. 
Habitat  on  wood,  stones  and  water  plants  in  standing 
and  slowly  flowing  waters.  From  Maine  to  Penn- 
^Ivanis,  westward  to  Wisconsin  and  even  Flathead 
Lake,  Montana.    Common  In  the  Great  Lakes. 


:o.  1397.  PraUriaOa  itiUmt.  (a)  Poftica  of  bfud 
Dilivil  lin.  (t)  Pohrp  munlficd.  (After  Hyatt.}  {< 
SutoblaiU     (After  Kraepelia.) 


9  (8)    Colonies  consist  of  cylindrical  tubes,  which  are  dther  branched  or  form 
massive  clumps  or  run  over  the  substratum  as  hyaline, 

lobed  tubes PlumaUUa  Lamarck.   .     10 

Paititioiu  rudlmctnUry  or  absent,  cuticula  brown  to  hyaline,  often  incrusted.  TenlacuUr 
CaiDOB  markedly  hu'scahoe-shaped,  with  40  to  60  tentacles.  loteitentaculsr  membrane  present. 
Statoblasts  without  books;  either  free,  elliptical,  with  broad  float,  or  (in  the  boriiootal  IuIms) 
without  float,  of  large  size  and  irTKular  shape. 

The  commoneM  genus  of  our  Iresh-water  Bryonia.  Has'been  reported  from  all  cnntirtenti  ex- 
cept Abica.    Live*  in  the  most  diverse  habitats,  in  ponds  or  streams,  usually  not  in  the  Utfit. 


10(13)    Colony  with  vertical  as  well  as  horizontal  branches. ti 
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II  (12)    Cuticula  thick  and  brown,  with  a  keel  that  broadens  at  aperture. 

Free  statoblasts  dongated;  proportions  1  :  1.53  to  1  :  2.8. 

PhtmaUUa  princeps  Kraepelin  1887. 


Tubes  openly  branched,  repent, 
with  short  lateral  branches,  antler- 
like.      Var.  d,  emarginata. 

Colony  robust,  branched  often  ris- 
ing from  subtratum.  Keel  little  de- 
veloped.    Statoblasts  elongated. 

Vai.  p,  frutkoia. 

Vertical  branches  predominate, 
forming  an  intertwined  mass. 

Var,  y,  mucosa. 

Vertical  tubes  fused  into  a  mass 
from  which  only  the  aperture  rises 
free.     ......  Var.  ),  sprnposa. 


Fio.  1198.    nuHtUUi  frii 


3  (11)    Cuticula  rarely  browned  or  keeled.    Free  statoblasts  neariy  circular, 
I  :  I  to  1 : 1.5.    .   .  Plumatdkt  polymorpha  Kraepelin  1887. 


Tubes  creeping  with  short  vertical  side 
branches.  Cuticula  senu-tranq>arent;  but 
variable;  keel  not  evident. 

Var.  a,  repms  (-P.-arelkuia  Hyatt). 

Tubes  repent,  branching  or  thickly  inter- 
twined, covering  the  substratum.  Few  or  no 
vertical  branches.  Cuticula  lightly  adored  to 
transparent Var.  fi,  oppnssa. 

Tubes  repent,  with  many  ebngated  and 
branched  vertical  rami.  Cuticula  semi-opaque, 
no  evident  keel Var.  y,  caespitosa. 

Tubes  repent.  Vertical  branches  close  to- 
gether, even  fused,  forming  great  soUdness. 
Cuticiila  brown,  apertiu%  hyaline,  slightly 
elongated..       \ax.  i,  JungMO. 


PkmtUila  fatrmartht,  lu.  a.   (a)  Ynmi  adoor,  t>o> 
iturilila.    (S)  BrmcbnochBi— '"-*     ■  '"^ 
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13  (10)  Horizontal  branches  only.  Cuticula  delicate,  coloiiess,  hyaline. 
Elevated  aperture-cone  wrinkled  and  be^rinkled  with 
white.    Free  statoblasts  nearly  circular. 

PtumaUila  punctata  Hancock  iSsa 
Stock  repent  and  open, 
iormii^  long  hyaline  tubei 
that  pive  riie  to  only  ■  few, 
likewue  r«)eiit,  Isteiaj 
tubes.  .  .  .  Var.  a,  pnOraU. 
From  M&ine.  PennsylwuB, 
niioaia,  and  Lake  Enc 

StadL  repent,  veiy  tlncUjr 
brandied,  complete^  cover- 
ing the  subatiatuin.  wbidl 
leenu  enveloped  in  thick 
layer  of  gdatinoiu  veades. 
Var.  a.  dan*. 


vti.t,.  (*)  CaloB.  t-o-thkib 
utunlmc.  fAlSnndiiBDck 
DuxDlGed.  If)  SUtabUit. 
X  40.     (AlUr  KnciKtiii.) 

14  (7)    StatoblastsIatge,ellipticaI,butateacbeDddrawnoutintoasharpapez; 

broad  float,  hooks  absent.  Lopkopus  cristaliiniu  Failhs  1766. 
Qdony  shaped  like  a  ladt;  erect,  ■ometimea  more  or  len  tobed  by  indentations  of  margin, 
looking  then  sometimes  like  a  glove.  Outer  cuticula  layer  delicate  and  hyaline,  more  incruited 
at  base.  Pdypides  scattered,  a  group  of  them  rising  from  each  lobe.  Lophopliorts  with  about 
60  tentacles.  The  colony  may  divide  along  the  constrictions  between  the  tobcs.  Habitat. 
chiefly  standing  water,  such  as  pool^  or.  tardy,  slowly  Bowing  wata.  Chiedy  attached  to 
plant  stems.    From  Schuylkill  and  Illinois  riven. 

15  {7)    Statoblasts  with  hooks 16 

16  {18)     Colonies  hyaline,  in  the  form  of  a  rosette,  lobed,  with  horiTontal 

tubes  only Peclinaielia  heidy  .    .     17 

They  secrete  a  great  gelatinous  base  whidi  is  common  to  many  eoloniei.  Aperture  sligiitly 
elevated  above  mmmoD  cocnedum.  Statoblasts  large  and  circular  10  subreclanggbr,  whh 
broad  best  float  and  one  Trmiynn]  row  of  anchor-shaped  hooks. 

17  Polypidesscatteredorindouble  row  along  eachlobe, the  gelatinous  baseoften 

10  to  20  centimeters  thick.     Peclinateiiamagnifica  Lady  1851. 

Tentadcs  60  to  84  in  number.    Statoblasts  about  i  mm.  in  diameter,  provided  with  11  to  iz 

hooks  fiom  0.15  to  0.15  mm.  long.     Habitat,  submerged  branches  or  twigs  of  trees,  wooden 

stakes,  gates  of  dams,  walla  of  reservdrs  or  stones  in  brooks.    Shady  ntuatioo^  audi  a«  aouth 

walls  of  rtMrvoir^  or  wood-oovered  sttcuns.    From  Maine  to  Mississippi. 


I 
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i8  (i6)    Colony  unbranched,  gelatinous,  with  a  flat  "sole." 

CrisiaUlia  muctdo  Cuvier  1798. 

'  Eztemil  cuticuls  lockiog,  or  devdoped  merdy  u  a  thin  gdatinoiu  l^ec  uodci  the  mIc 
All  po^pidea  contract  iota  a  conunon  cavity.  Statoblaat  large,  circular,  with  float  and  a  dr- 
clct  cj  boc^  on  both  sides.  Young  corm  ol  circular  fonu  later  elongated,  irorm-like,  attaining 
a  length  ol  1  to  5  cm.  in  summer,  to  18  cm.  in  autumn.  Colonies  often  gregaiioui  in  ■  commoo 
gektlnoua  lubsCsnce,  Eighty  to  ninety  Unlades.  Statoblasti  with  lo  to  34  dorul  boolci,  M 
to  50  ventral  hooks.  Habitat,  in  itanding  or  slow-Sowing  water,  on  submelsed  braochea  of 
dead  treea,  under  aide  □(  iUy-pads,  ant  on  other  aquatic  planta. 

StatoUasts  less  than  i  mm.  in  diameter;  books  on  dottal  tide  10  to  ti;  on  ventral  aide 

K>t0  37 Var.<i,»«(iBHki(-C.(i(i*iii«o  Hyatt  1S68). 

From  Maine,  Massachusetts.  New  York.  IHinns,  and  Late  Erie. 
Statoblasts  over  i  mm. ;  hooks  |»  dorsal  side  10-34;  on  ventral  side  jS-so- 

Var.  B,  idat  [  -  C.  idat  Leidy  1858;  C.  lacuHris  Potta  18S4). 
From  Abode  bland  and  Pennsylvania. 


Fio.i^ai.    CritMdiammaia.   (a)  Odooy  much  enUiged.    (t)  Sutoblutvc 
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CHAPTER  XXIX 
THE   MOLLUSCA 

By  BRYANT  WALKER,  Dnkoit,  Mich. 

Fob  the  piuposes  of  this  treatise  and  in  order  to  differentiate  the 
group  from  the  other  great  phyla  of  the  animal  kingdom  repre- 
sented in  our  fresh-water  fauna,  the  MoUusca  may  be  defined  as 
animals  with  a  soft  body  encased  in  a  hard  shell,  which  may  be 
either  in  one  piece  (univalve)  or  in  two  pieces  (bivalve).  In  the 
univalve  mollusca.  or  Gastropoda,  commonly  called  snsdls,  the  shell 
may  be  coiled  either  obliquely  or  horizontally  or  may  be  a  simple 
uncoiled,  conical,  tent-shaped  secretion  on  the  back  of  the  animal. 
In  this  class,  the  animal  possesses  a  distinct  head,  with  a  pair  of 
contractile  tentacles,  at  the  base  of  which  are  placed  the  eyes. 
On  the  lower  side  of  the  head,  between  the  tentacles,  is  the  mouth, 
which,  on  its  inner,  upper  margin,  is  usually  provided  with  a  cbi- 
tinous  jaw  of  from  one  to  three  pieces.  In  the  lower  part  of  the 
mouth  is  the  radula,  a  muscular  ribbon  covered  with  minute  teetli. 

The  fresh-water  Gastropoda  are  divided  into  two  main  groups  or- 
subclasses  according  as  they  breathe  the  free  air  by  means  of  a 
lung  or  are  provided  with  a  gill  for  subaqueous  respiration.  As 
the  name  implies,  these  animals  progress  by  crawling  on  the  ven- 
tral surface  of  the  body,  which  is  modified  to  form  a  fiat,  muscular 
disk  called  the  foot. 

The  bivalve  mollusca  or  Lamellibranchia,  usually  known  as  clams 
or  mussels,  have  the  body  protected  by  two  symmetrical,  opposing 
valves,  which  are  united  above  by  an  elastic  tissue  called  the 
ligament.  They  have  no  head  and  have,  accordingly,  been  called 
the  Acephala.  They  have  no  tentacles,  eyes,  jaws,  or  radula. 
The  mouth  is  simply  an  orifice  at  the  anterior  end  of  the  body,  on 
each  side  of  which  is  a  flap  or  palpus,  which  as^ts  in  guiding  the 
food  to  the  mouth.  The  foot  is  an  aze-shaped  mass  of  muscular 
tissue  (hence  the  name  of  Pelecypoda  often  used  for  the  class), 
which  may  be  extended  from  the  anterior  [>ortion  of  the  shell  and, 
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by  effecting  a  lodgment  tn  the  bottom,  drag  the  animal  ^owly 
forward.  The  lamelUbranchs  breathe  by  means  of  two  gills  sus- 
pended on  each  side  of  the  body,  which  are  divided  into  a  series  of 
water  tubes  by  septa  or  lamellae,  through  which  the  water  circu- 
lates by  means  of  dlia.  The  whole  body  is  enclosed  in  a  soft 
mantle,  which  secretes  the  shell  along  its  outer  margins.  Poste- 
riorly the  mantle  has  two  openings,  through  the  lower  of  which 
the  water  enters  the  shell,  passes  forward,  aeratii^  the  gills  and 
carrying  food  to  the  mouth,  and  then  flows  out  through  the  upper 
opening. 

A  more  detailed  account  of  the  structure  of  the  two  classes  rep- 
resented in  our  fauna  will  be  found  under  the  head  of  classification. 

The  North  American  Fauna 

As  would  naturally  be  expected  from  the  vast  extent  of  the  ter- 
ritory included  in  the  United  States  and  British  America  and  the 
great  diversity  both  in  the  climatic  and  physical  condirions  prev- 
alent in  different  portions  of  the  continent,  the  fresh-water  fauna 
of  North  America  is  not  only  one  of  great  abundance,  both  in 
species  and  individuals,  but  also  of  great  diversity  in  character;  and 
a  very  large  proportion  of  the  genera  represented  are  peculiar  to 
'  it.  While  but  one  of  the  eighteen  families  represented  in  our  fauna 
is  peculiar  to  the  continent,  that  one,  the  Fleuroceratidae,  is  extraor- 
dinarily developed  both  in  genera  and  species  and,  where  found, 
its  members  usually  occur  in  great  abundance. 

On  the  other  hand,  of  the  eighty-six  genera  recognized  at  the 
present  time,  no  less  than  forty-nine,  or  five-ninths,  are  peculiar 
to  North  America,  while  of  the  many  hundred  of  described  species, 
it  is  safe  to  say  that  more  than  ninety  per  cent  are  not  found  else- 
where. Indeed,  barring  the  comparatively  small  number  of  dr- 
cumpolar  species  in  the  north,  and  the  somewhat  larger  represen- 
tation of  tropical  or  subtropical  forms  found  on  our  southern  borders, 
practically  the  whole  of  our  molluscan  fauna  may  be  said  to  be 
distinctively  North  American. 

The  distribution  of  the  various  famih'es,  genera,  and  species 
represented  in  our  fauna  varies  greatiy  in  the  different  sections  of 
the  contioent. 
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Most  of  the  famiKes  have  representatives  in  aU  portions  of  the 
country  where  suitable  conditions  of  environment  are  to  be  found. 
But  there  are  some  notable  exceptions.  Thus  the  Viviparidae, 
which  form  one  of  the  most  conspicuous  elements  of  the  fauna  of 
the  Eastern  States,  are  not  found  west  of  the  Mississippi  Valley. 
The  AmpuUaridae,  which  replace  the  Viviparidae  in  the  tropics,  are 
only  found  in  Florida  and  Southern  Georgia;  while  the  great 
family  of  the  Pleuroceratidae,  the  one  family  pecuhar  to  our  fauna, 
is  not  found  west  of  the  Mississippi  Valley  drainage,  except  for  a 
few  isolated  species  that  occur  in  the  northern  Pacific  states. 

Many  of  the  genera  have  a  general  distribution  in  all  parts  of 
the  continent.  That  is,  some  representatives  of  such  genera  will 
be  found  practically  every  place  where  suitable  conditions  obtain. 
But  it  is  to  be  borne  in  mind  that  comparatively  few  species  have 
a  general  distribution.  Many  of  them  have,  so  far  as  known,  a 
very  limited  habitat,  while  others  range  over  a  large  extent  of 
territory.  Many  of  the  genera  are  likewise  restricted  to  certain 
pordons  of  the  continent  and  particularly  to  certain  drainage 
systems,  while  others  are  confined  to  a  very  Umited  area.  The 
Coosa  River  in  Alabama,  in  this  respect,  has  a  most  remarkable 
fauna.  No  less  than  six  genera  and  very  many  spedes  are  known 
to  occur  only  in  it  and  its  tributaries. 

But  while,  in  a  general  way,  it  is  true  that  our  faima  as  a  whole 
is  well  known,  and  its  distinctive  characters  recognized,  yet  the 
sum  total  of  our  present  knowledge,  large  as  it  may  seem,  is  very 
small  and  inadequate  when  compared  with  what  we  might  and 
would  like  to  know  about  it. 

But  a  very  small  portion  of  the  continent  has  been  collected  over 
with  any  sort  of  thoroughness,  and  there  are  undoubtedly  very 
many  new  types,  both  generic  and  specific,  yet  to  be  discovered. 
While,  of  course,  the  mere  description  of  new  species  is  the  least 
important  part  of  the  work  of  the  conchologist,  yet  the  accurate 
knowledge  of  all  the  species  foimd  within  our  borders  is  the  basis 
for  the  solution  of  the  larger  problems  of  distribution  and  evolution, 
which  are  of  great  importance.  The  exact  range  of  very  few,  if 
any,  even  of  our  most  common  species  is  exactiy  known.  It  is 
very    desirable  that  lists  of  the  species  occurring  in  all  the  states 


.dbyCoOgIc 


96o  FRESH-WATER  BIOLOGY 

and  counties  of  the  country  ^ould  be  compiled.  Such  local  lists, 
when  the  specimens  are  correctly  determined,  are  of  great  value 
and  interest  and  are  always  acceptable  contributions  to  scientific 
literature.' 

The  life  history  and  habits  of  the  different  species  form  a  subject 
of  great  interest,  and  as  yet  but  little  is  known  about  them.  Ilien, 
too,  very  little  is  known  of  the  internal  anatomy  of  our  species, 
much  less,  indeed,  than  of  the  land  mollusca.  In  all  these  lines 
of  work  and  study  there  is  a  fruitful  and  unreaped  field  of  investi- 
gation, which  cannot  fail  to  yield  both  pleasure  and  profit  to  the 
student  who  will  undertake  to  study  the  common  forms  of  mollus- 
can  life,  which  are  to  be  found  so  abundantly  in  all  parts  of  our 
country. 

Collection  and  Pbefabation  of  Specimens 

Nearly  every  permanent  body  of  water  has  its  mollusks,  varying 
according  to  its  character.  Some  species  are  found  only  in  rapidly 
flowing  water,  and  others  only  in  ponds  and  still  water.  Ditches 
and  other  st^;nant  waters  are  usually  good  collecting  ground  for 
Pisidia  and  other  small  species.  The  low  places  in  the  woods, 
which  dry  up  in  the  sununer  time,  have  a  number  of  species  that 
are  not  found  elsewhere,  and  which  bury  themselves  in  the  mud 
when  the  water  disappears.  Sand  banks  in  rivers  and  lakes  are 
favorite  resorts  of  many  of  the  smaller  species.  The  under  ade 
of  the  hiy  pads  should  be  scrutinized,  while  the  Ancyli  should  .be 
looked  for  on  stones  and  dead  clam  shells. 

The  distribution  of  the  different  species  in  all  the  states  and 
territories  being  of  prime  importance,  the  collector  should  always 
bear  in  mind: 

First,  that  a  dead  shell  is  better  than  none  at  all; 

Second,  that  dead  shells  should  not  be  taken,  if  live  ones  can 
be  had,  and  that  careful  search  will  usually  discover  them  in  the 
immediate  vicinity. 

Third,  that  all  the  species  are  extremely  variable  in  their  abun- 
dance from  year  to  year,  and  so  it  is  a  safe  rule,  "when  you're 
getting,  to  get  a  plenty." 

■  Tlie  writer  will  gladly  4id  students  in  the  ideotl&catiwi  of  tbdc  qieciineoi  without 
charge.    Address  45  Alfred  St.,  Detroit,  Mich. 
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The  apparatus  for  coUecting  is  very  simple. 

It  is  necessary  to  have  a  dipper  and,  if  possible,  a  small  dredge. 
The  dipper  is  made  fiom  an  ordinary  tin  one  by  removing  the 
bottom  and  substituting  one  of  fine  wire  cloth.  By  removing  the 
end  of  the  handle,  the  dipper  can  be  slipped  on  the  end  of  a  cane 
or  pole  when  in  use.  This  is  useful  not  only  for  reaching  the  larger 
specimens  from  the  shore  or  boat,  but  especially  for  sifting  the  mud 
and  sand  from  the  bottom,  where  a  multitude  of  small  species  live, 
which  otherwise  would  not  be  found.  It  will  be  found  more  con- 
venient to  empty  the  contents  of  the  dipper,  wh^  thoroughly 
washed  out,  into  a  pail  or  small  bag,  and  carry  the  whole  mass 
home  before  undertaking  to  pick  out  the  shells.  If  atten^ted  in 
the  field,  many  of  the  smaller  and  more  desirable  things  are  apt  to 
be  overlooked.  By  spreading  the  mass  out  in  the  sun  for  a  short 
time,  it  will  become  dry  and  friable  so  that  the  shells  can  be  ea^y 
separated  and  picked  out.  An  ordinary  reading  glass  is  very  useful 
for  the  detection  of  the  more  minute  forms  in  sorting  over  such 
material. 

Many  de^rable  ^>ecie3  live  in  water  too  deep  for  the  convenient 
use  of  the  dipper,  and  for  these  it  is  necessary  to  have  a  small 
dredge.  One  with  an  ^lerture  of  9  by  6  inches  is  as  large  as  can 
be  used  satisfactorily  by  a  single  person  in  a  boat. 

Several  small  bags  and  a  number  of  wide-mouthed  bottles  and 
small  vials  should  be  carried,  so  that  the  specimens  from  different 
localities  may  be  kept  separate.  Care  must  be  taken  to  keep  the 
more  fragile  species  separate  from  the  heavier  ones,  otherwise  they 
are  likely  to  be  damaged  in  moving  about.  For  the  same  reason 
it  is  better  to  fill  the  bottles  partially  with  water  while  in  the  field, 
as  the  moUu^  then  attach  themselves  to  the  glass  and  are  less 
likely  to  be  broken.  It  is  not  necessary  to  take  alcohol  into  the 
field. 

Specimens  to  be  kept  for  anatomical  purposes  may  be  preserved 
in  alcohol,  which  at  first  should  be  greatly  diluted,  not  stronger 
than  35  per  cent;  after  a  day  or  two  the  s[>ecimen3  should  be  re- 
moved to  50  per  cent  alcohol,  and  later  to  the  undiluted.  Formal- 
dehyde, 2  per  cent  dilution,  is  an  admirable  preservative  for  ma- 
terial  of  this  kind.    It  should  not,  however,  be  used  when  it  is 
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desired  to  keep  the  shells  as  specimens,  as  it  destroys  those  left  in 
it  any  length  of  time. 

With  the  exception  of  the  larger  species  of  Planorbis,  which  are 
more  ea^y  cleaned  by  boiling,  it  is  practically  immaterial  whether 
the  fluviatile  univalves  are  b<Hled,  or  put  directly  into  diluted  alco- 
hol for  a  day  or  two.  In  either  case  there  is  no  difficulty  in  ex- 
tracting the  animals.  The  curved  points  of  the  collecting  forceps 
are  convenient  for  this  purpose,  and  hooks  of  various  ^zes  can  be 
made  from  safety  |Hns.  By  tying  these  on  small  wooden  handles 
very  effective  instruments  can  be  made.  Small  hooks  or  "probes" 
of  various  sizes  fitting  into  an  adjustable  handle  are  most  convenient 
and  can  be  obtained  from  any  dealer  in  dental  instruments.  A 
small,  fine-pointed  dental  syringe  is  indispensable  for  this  work. 
When  the  animal  is  completely  extracted,  the  interior  of  the  shell 
should  be  thoroughly  washed  out  with  the  syringe.  A  small  piece 
of  qwnge  on  the  end  of  a  fine  copper  wire,  which  can  be  bent  in  any 
direction,  is  very  useful  for  removing  the  mucus,  which  is  q>t  to 
adhere  to  the  interior.  This  should  always  be  carefully  attended 
to;  if  not  it  will  greatly  disfigure  the  specimen  when  dried.  The 
exterior  should  then  be  thoroughly  scrubbed  with  a  soft  tooth  or 
nail  brush.  When  perfectly  clean,  inside  and  out,  the  water  should 
be  carefully  emptied  out  and  the  shell  put  aside  in  the  air,  but  not 
in  the  sun,  to  dry. 

It  is  not  desirable  to  attempt  to  clean  the  minute  species  by 
removing  the  animal.  They  should  be  put  directly  into  25  per  cent 
alcohol  for  a  day  or  two.  If  to  be  left  longer  in  the  alcohol,  the 
strength  should  be  increased.  Twenty-four  hours,  however,  in  the 
alcohol  is  all  that  is  necessary.  Then  they  can  be  dried  in  the  air 
without  leaving  any  offensive  odor.  Either  before  or  after  drying 
they  can  be  cleaned,  if  necessary,  by  putting  them  in  a  bottle  of 
water,  with  some  fine,  clean  sand,  and  siiaking  them  together  until 
all  the  dirt  has  been  removed  by  the  sand.  In  the  operculate 
species,  it  is  desirable  to  retain  the  opercula  of,  at  least,  part  of  the 
specimens.  While  it  adds  to  the  labor,  it  increases  the  value  of 
the  specimen  if  it  is  always  done.  These  are  easily  removed  from 
the  anima!  and,  after  being  cleaned,  should  be  put  inside  the  shell 
and  the  aperture  plugged  with  cotton.    All  the  foreign  matter  both 
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in^de  and  outside  of  the  shell  should  be  removed  by  thorough 
washing.  All  the  water  species  are  apt  to  be  more  or  less  incrusted 
with  deposits  of  lime  or  oxide  of  iron.  These  can  be  removed  by 
immersing  them  in  oxalic  acid.  Care  should  be  taken  not  to  pro- 
long the  operation,  or  the  texture  of  the  shell  may  be  injured. 
Elbow  grease  b  the  most  effective  agent  for  making  good  specimens. 
When  that  fails,  use  the  add.  The  Ancyli  are  always  more  or  less 
coated  in  this  way,  and  can  easily  be  cleaned  by  floating  them  for 
a  few  minutes  on  the  add,  upside  down,  and  then  gently  brushing 
them  off  with  a  soft  brush  while  held  on  the  tip  of  the  finger. 

The  larger  bivalves  should  be  well  washed  and,  if  necessary, 
scraped  off  with  the  knife  as  soon  as  taken,  care  being  taken  not 
to  injure  the  epidermis. 

They  can  be  boiled,  if  desired,  when  the  shells  wiU  open  and  the 
animala  easHy  removed.  But,  as  a  rule,  it  is  more  convenient, 
unless  collected  in  large  quantities,  to  cut  the  musdes,  which  hold 
the  valves  together,  with  a  thin-bladed  knife  and  scrape  the  animal 
out.  Care  should  be  taken  not  to  break  the  edge  of  the  fragile 
spedes  when  inserting  the  knife.  All  traces  of  the  animal  matter 
should  be  removed,  and  after  a  thorough  washing  the  valves  tied 
together  with  a  string  until  thoroughly  dried.  Never  use  colored 
twine  for  this  purpose,  as  it  is  apt  to  stain  the  shells.  Any  surface 
incrustation  can  be  removed  either  with  oxalic  or  muriatic  add. 
The  latter  is  more  convenient  ftJr  the  larger  spedes,  and  can  be 
applied  with  a  small  brush.  To  avoid  trouble,  it  is  safer  to  wear 
rubber  gloves,  if  a  large  quantity  of  material  is  to  be  deaned.  Care 
must  be  exercised  in  using  the  add  and  the  specimens  frequently 
washed,  lest  damage  be  done  to  the  shell.  The  smaller  bivalves, 
the  Sphaeria  and  Fisidia,  are  best  treated  by  putting  into  diluted 
alcohol  for  a  day  or  two  and  then  drying  them.  If  left  too  long 
the  shells  are  apt  to  open,  which  interferes  with  the  looks  of  the 
^>edmens.  The  larger  spedes  of  Sphaerium  are  better  with  the 
animal  removed.  This  can  be  done  after  boiling,  or  a  few  days 
in  alcohol.  As  these  are  usually  too  small  to  be  easily  tied  together 
to  ke^  the  valves  from  gaping,  each  spedmen,  while  the  hinge  is 
flexible,  should  be  dosdy  wrapped  up  in  a  small  piece  of  tissue 
paper  until  Completely  dry. 
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While  it  is  not  usually  desirable  to  keep  "dead"  shells  for  the 
cabinet,  occasionally  it  is  necessary.  In  such  cases,  the  color  can 
be  in  some  measure  restored  by  applying  a  solution  of  paraffin 
and  gasoline  (a  cubic  inch  of  the  former  in  half  a  pint  of  the  latter) . 
"Dead"  Unionidae  can  be  improved  in  appearance  and  the  bril- 
liancy of  the  nacre  measurably  restored  by  applying  muriatic  add. 
A  good  collection  is  characterized  by  two  essentials: 
First,  the  careful  selection  and  preparation  of  the  specimens 


Second,  absolute  accuracy  in  the  matter  of  the  localities  from 
which  they  came. 

There  is  little  excuse  for  having  poor  and  ill-cleaned  specimens. 
There  is  none  at  all  for  failure  to  keep  accurate  records  of  the  col- 
lector's fieWwoA.  A  drawer  of  any  common  qjedes,  without  any 
indication  of  whence  they  came,  even  if  well  cleaned,  would  be 
absolutdy  without  value.  Such  a  drawer  of  any  of  our  species 
from  fifty  or  one  hundred  different  localities,  definitely  indicated, 
would  be  a  valuable  contribution  to  the  conchology  of  any  state. 
Specific  names  can  be  supplied  or  corrected  any  time,  but  a  mis- 
taken or  erroneous  locality  can  never  be  corrected.  The  collector, 
therefore,  should  be  careful  never  to  trust  to  memory  for  facts  of 
this  kind.  Both  in  collecting  and  cleaning,  the  specimens  from 
each  locality  should  be  kept  carefully  separated  and  labeled.  Too 
much  importance  cannot  be  given  to  this  point.  The  study  of  the 
geographical  distribution  of  the  mollusca  is  one  of  the  most  im- 
portant branches  of  conchological  woi^,  and,  to  be  of  any  value, 
this  must  be  based  on  absolutely  accurate  work  on  the  part  of  the 
collector. 

The  manner  of  casing  and  arranging  the  collection  is  largely  one 
of  individual  preference.  A  catalogue,  however,  is  essential,  and 
it  is  better  to  begin  systematically  in  this  particular  and  thus  avoid 
the  necessity  of  doing  it  all  over  again  when  the  collection  be^ns 
to  assimie  considerable  size.  There  should  be  a  serial  catalogue 
and  a  card  catalogue.  Each  addition  to  the  collection  should  be 
numbered  as  soon  as  received  and  entered  in  the  serial  catalogue, 
which  should  be  a  book  ruled  in  as  many  columns  as  the  collector 
desires. 
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The  card  catabgue  is  convenient  in  a  small  collection.  It  be- 
comes absolutely  necessary  in  a  large  one.  The  cards  should  be 
of  unifonn  size  for  convenience  in  handling.  If  it  is  desired  to 
have  a  card  for  every  entry,  they  can  be  smaller  than  if  it  is  desir- 
able for  economy  of  space  to  have  as  many  entries  as  possible  on 
one  card.  In  the  latter  case  a  convenient  size  is  that  of  the  ordinary 
library  card,  which  can  be  ruled  to  hold  twenty  entries.  The  name 
of  the  species  is  written  on  the  top,  and  the  number  of  each  entry 
of  that  species  and  the  locality  are  entered  below.  Such  a  card  as 
this  enables  the  collector  to  see  at  a  glance  not  only  whether  any 
given  species  is  represented  in  his  collection,  but  also  from  what 
localities,  and  saves  a  large  amount  of  time  which  would  otherwise 
be  spent  in  turning  over  the  leaves  of  a  serial  catalogue.  The 
cards  can  be  kept  in  drawers  or  boxes  of  proper  size  and  can  be 
arranged  alphabetically  under  the  different  genera  and  families. 
Guide  cards  slightly  higher  than  the  ordinary  card,  indicating  the 
genera,  can  be  inserted  in  their  proper  places. 

In  collections  intended  for  public  exhibition,  it  is  usuaUy  neces- 
sary to  have  the  specimens  mounted  on  cards  or  blocks.  But  in 
private  collections  such  an  arrangement  is  a  mistake,  not  only 
on  account  of  the  greater  room  required  for  the  collection,  but 
particularly  because  it  prevents  the  handling  of  the  specimens  for 
purposes  of  study. 

Specimens  under  an  inch  in  diameter  are  most  convenientiy 
kept  in  glass  vials.  These  can  be  obtained  from  any  wholesale 
druggist.  They  should  be  without  a  neck  and  of  standard  sizes. 
The  length  wiU  depend  upon  the  standard  size  of  the  tray  adopted. 
For  my  own  collection  I  use  three  sizes,  },  ^,  |  inch  in  diameter. 
As  these  vials  are  rather  fragile,  the  pressure  of  the  cork  is  apt  to 
break  them.  The  cork  should  therefore  be  softened  by  rolling  or 
crushing.  A  pair  of  plumber's  burner  pliers  is  useful  for  this 
purpose.  Tlie  serial  number  shoidd  be  put  on  the  cork  or  on  a 
snuUl  piece  of  paper  inside.  Specimens  too  large  for  the  vials 
should  have  the  number  on  the  shell  in  ink.  Then,  if  a  drawer 
happens  to  be  overturned,  the  specimens  can  be  sorted  out  again 
without  diflSculty. 

When  numbered,  the  vials  and  specimens  should  be  placed  in 
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trays.  For  these  a  standard  size  should  be  adopted,  so  that  they 
will  conveniently  fit  into  the  drawers  of  the  cabinet.  In  the 
National  Museum  at  Washington,  the  unit  is  i  by  2  inches,  and 
the  larger  sizes  are  all  multiples  of  that  imit.  In  the  Academy  of 
Natural  Sciences  at  Philadelphia,  the  unit  is  ij  by  3.  There  is 
one  advantage  in  the  use  of  the  larger  unit  where  space  is  a  serious 
question.  For  the  small  species  the  vials  may  be  used  only  1} 
inches  in  length,  and  two  vials  can  be  put  into  one  tray,  thus  dou- 
bling the  capacity  of  the  drawer.  The  trays  should  be  of  the  same 
depth.  One-half  inch  is  sufficient  for  most  of  the  univalve  species. 
For  the  larger  species,  such  as  the  Unionidae,  requiring  trays  of 
good  size,  I  inch  is  better.  These  trays  can  be  had  of  any  paper- 
box  manufacturer,  or  can  be  easily  cut  out  of  cardboard  by  the 
collector,  the  comers  being  fastened  together  by  strips  of  gummed 
paper.  The  character  of  the  cases  for  a  collection  is  determined 
by  the  means  and  inclination  of  the  collector.  Any  case  of  shallow 
drawers  will  do.  If,  however,  cases  are  to  be  made,  they  should 
be  made  of  a  standard  size  with  interchangeable  drawers.  Each 
tray  should  have  a  neat  label  giving  the  serial  number,  the  name, 
and  the  locality  of  the  specimens  it  contains.  A  box,  bottom 
side  up,  can  be  used  for  separating  the  genera  and  species  in  every 
drawer.  Small  labels  of  convenient  size  for  designating  them  can 
be  had,  already  gummed,  at  any  bookseller's. 

In  packing  shells,  small  specimens  should  not  be  mixed  with 
large  ones,  as  they  are  apt  to  get  lost;  nor  should  fragile  shells  be 
put  in  with  stronger  ones,  as  they  are  likely  to  be  broken.  The 
minute  specimens  can  be  put  into  gelatin  capsules,  small  vials, 
quills,  or  paper  tubes  made  by  rolling  writing  paper  around  a  lead 
pencil,  gumming  down  the  edge  and  stopping  the  ends  with  cotton. 
Do  not  mix  shells  from  different  locaUties.  Write  the  locality  on 
a  label  and  wrap  it  up  with  each  vial  or  package.  Use  plenty  of 
cotton  in  packing  fragile  shells.  Pill  boxes  and  match  boxes  are 
convenient  for  packing  purposes.  Wrap  up  each  vial  or  box  sepa- 
rately, then,  if  a  smash  does  occur,  there  is  a  fair  chance  of  saving 
some  of  the  specimens  and  no  dai^r  of  mixing  the  contents  of 
different  packages.  Do  not  send  paper  boxes  by  mail.  Pack  in 
a  wooden  box. 
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For  purposes  of  dissection  either  fresh  or  alcoholic  spedmens 
may  be  used.  Live  ^ledmens  may  be  killed  by  plunging  them 
ioto  boiling  water  for  a  few  seconds.  The  animal  can  thus  be 
Temoved  from  the  shell  in  the  usual  way,  using  great  care  not  to 
mutilate  it  with  the  hook;  or  the  shell,  if  not  too  heavy,  can  be 
carefully  broken  away  with  the  forceps.  Preserved  specimens  are 
frequently  difficult  to  extract  from  the  shell,  in  which  case  the  shell 
must  be  removed  either  by  breaking  or,  if  too  thick,  by  dissolving 
it  in  muriatic  add. 

"Two  pairs  of  fine  sdssors  will  be  necessary,  one  pair  with  str^ght 
points,  the  other  with  curved  points;  one  or  more  fine  scalpels,  and 
two  pairs  of  fine  forceps,  one  straight  and  the  other  curved.  Dis- 
secting needles  are  also  necessary.  These  can  be  made  by  forcing 
the  heads  of  fine' needles,  by  means  of  a  pair  of  pliers,  into  the  end 
of  a  round  stick  of  small  diameter.  The  point  of  one  of  these 
needles  should  be  bent  so  as  to  form  a  book,  first  heating  the  end 
of  the  needle  to  a  white  heat." 

"In  dissecting  the  animal,  a  drcular  china  dish  about  4  inches 
in  diameter  and  2  in  depth  will  be  necessary;  also  a  piece  of  sheet 
coik  as  large  as  will  lie  at  the  bottom  of  the  dish,  fastened  to  a 
thin  sheet  of  lead  with  either  string  or  rubber  bands.  It  is  best 
to  have  the  lead  of  the  same  size  as  the  cork.  This  leaded  cork 
is  to  be  placed  in  the  bottom  of  the  dish,  and  the  dish  filled  with 
alcohol.  If  the  animal  has  once  been  placed  in  alcohol,  all  dissec- 
tions should  be  made  in  alcohol,  but  freshly  killed  specimens  may 
be  dissected  in  water,  and  many  of  the  oi^ans  at  this  time  present 
a  much  more  natural  appearance  than  when  acted  on  by  alcohol. 
Place  the  arumal  on  the  cork  and  fasten  it  down  with  small  pins, 
or  better  yet,  with  very  fine,  short  needles  inserted  through  the 
margin  of  the  foot.  Then  with  a  fine  pair  of  scissors,  commoidng 
at  the  head,  cut  through  the  Integument  along  the  center  of  the 
back,  taking  care  not  to  injure  any  of  the  organs  below.  The 
integument  is  now  to  be  removed  from  the  dorsal  part,  turned 
back  and  fastened  to  the  cork,  removing  the  needles  from  the 
mai^  of  the  foot  and  putting  them  through  the  edges  of  the 
integument     AU  the  organs  of  the  anterior  part  of  the  snail  ate 
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thus  brought  into  view,  and  further  dissection  of  the  organs  can 
be  intelligently  made,'" 

The  method  of  preparing  the  jaws  and  lingual '  membrane  for 
examination  is  as  follows: 

"On  opening  the  head  (of  the  snail)  from  above,  one  readily 
notices  at  the  extreme  anterior  part,  close  against  the  outer  int^u- 
ment,  a  prominent,  oval  body.  This  is  called  the  buccal  mass.  It 
is  easily  cut  away  from  the  animal,  and  wiU  be  found  to  cont^ 
both  jaw  and  lingual  membrane.  These  can  be  removed  by  fine 
scissors  or  knives  from  the  buccal  mass  in  the  larger  species,  but 
in  the  smaller  species,  the  method  usually  employed  is  putting 
the  whole  buccal  mass  in  a  watch  crystal,  full  of  a  strong  solution 
of  caustic  potash.  Allowing  it  to  remain  for  several  hours,  the 
potash  will  destroy  all  of  the  buccal  mass,  and  leave  the  jaw  and 
lingual  membrane  perfectly  clean  and  ready  for  examination. 
They  must  be  well  rinsed  in  clean  water,  in  another  watch  crystal, 
before  examination.  Another  more  expeditious  process,  is  to  place 
the  whole  buccal  mass  in  a  test  tube  with  the  solution  of  potash, 
and  boil  it  for  a  few  seconds  over  a  spirit  lamp.  Pouring  the  a>n- 
tents  of  the  tube  into  a  watch  crystal,  the  lingual  monbrane  at- 
tached to  the  jaw  will  be  readily  seen  by  a  pocket  lens.  If  the 
species  be  small,  its  whole  body  may  be  thrown  into  the  solution. 
Still  more  minute  species,  may  be  treated  in  this  way;  crush  the 
whole  shell  between  the  glass  slides;  wash  the  particles  of  broken 
shell  in  a  few  drops  of  water,  still  keeping  the  body  of  the  animal 
on  the  slide;  when  clean,  drop  on  it  the  caustic  potash  and  boil  it 
by  holding  the  slide  itself  over  the  spirit  lamp. 

"For  purpose  of  examination,  the  jaw  and  lingual  membrane 
may  be  ^mply  mounted  in  water  and  covered  with  thin  glass.  One 
must  be  sure  in  spreading  out  the  lingual  membrane  not  to  have 
its  u|^r  side  down,  and  it  is  well  to  cut  it  transversely  in  several 

'  No  debuled  instrucdoDs  for  the  dissection  of  the  fresh-water  moUuska  have  been 
published  in  this  a>uiitry.  For  an  adinirable,  fuUy  illustrated  paper  on  the  diiaectioo 
of  the  land  soail,  which  can  be  easily  adapted  for  the  use  of  Che  student,  see  Simpoon, 
Bull.  N.  Y.  State  Museum,  viii,  p.  341  (ipoij.  Thi:  same  author  has  published  an 
acelleot  atudy,  fully  illustiated.  oi  the  anatomy  of  Anodonla,  which  should  be  in  the 
haadi  of  every  stude&t.    See  Rep.  N.  Y.,  State  Mus.  of  Nat.  Hisi.,  35,  p.  i6g. 
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places,  as  tite  teeth  are  beautifull)>  shown  and  often  stand  detached 
on  the  edges  of  the  cut. 

"For  preservation  for  future  study,  the  glycerin  preparations 
sold  by  the  opticians  will  be  found  useful,  though  they  have  the 
great  disadvantages  of  deliquescing  in  warm  weather."  ' 

The  radula  may  also  be  mounted  in  Canada  balsam.  In  this 
case  it  should  be  stained  with  carmine  or  chromic  addj  as  otherwise 
the  specimens  will  in  time  become  tranqjarent. 

Measusement  and  Descriptive  Tesus 

The  length  or  height  of  a  univalve  shell  is  the  distance  from  the 
apex  to  the  basal  edge  of  the  lip,  measiu^  along  a  line  drawn 
through  the  axis. 

The  greater  diameter  is  the  greatest  width,  including  the  lip, 
measured  on  a  line  drawn  at  right  angles  to  the  axis. 

The  lesser  diameter  is  measured  on  the  same  plane,  but  on  a  line 
at  right  angles  to  the  greater  diameter. 

Shells  are  dextral  or  sinistral,  accordingly  as  the  aperture  is  on 
the  right  or  left  of  the  axb,  when  . 

held,  apex  uppermost,  with  the 
aperture  facing  the  observer. 

In  bivalve  shells,  the  length  is 
the  distance  from  the  anterior 
to  the  posterior    extremity;    the 

height  is  the  distance   at  right  ,^ 

angles  between  two  parallel  lines 
so  drawn  as  to  touch  the  highest 

dorsal  and  lowest  basal  points;  . 

the  width  is  the  greatest  diameter 

measured  in  a  line  at  right  angles    IS  ' 

to  the  basal  line.  ^^-  '*°'-  ■""  *'«"  '^  •  <"*'»t™- 

The  remainder  of  the  terms  in 
common  use  are  sufficiently  indi- 
cated on  the  following  diagrams.  ,-^  Cmtai  diamctn. 

*  W.  G.  Bbiaey,  Man.  Am.  Land  Sbells,  p.  44.  For  full  instructions  b  itgaid  to 
the  preparatiOD  of  the  ndulae  of  the  minute  spedCB,  see  Beecher.  Journal  N.  Y.  Mlcre- 
■copicaJ  Sodety,  188S,  p.  7, 
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3,  ^nido-ardiiuli,  S.  Scu  ol  puterior  itdducta. 

4.  Scat  ti  anlaict  retiutor.  ^  Scu  of  paatBrk*  retnctor. 
].  Sor  d  tntdiot  wlductot.            to.  LttenI  tmh. 

ClASSinCATION 

Of  the  several  classes  into  which  the  subkingdom  of  the  Mollusca 
is  divided,  but  two,  the  Gastropoda  and  Lamellibraachia,  are 
represented  in  the  fresh-water  fauna  of  North  America.  The  for- 
mer includes  all  the  univalve  species  commonly  called  snails  or 
periwinkles,  and  the  latter,  all  the  bivalve  forms  usually  known  as 
clams  or  mussels. 

The  class  Gastropoda,  as  the  name  implies,  are  mollusks  in  which 
the  ventral  portion  of  the  body  is  developed  into  a  fleshy,  more 
or  less  expanded,  creeping  disk,  called  the  foot,  by  the  muscular 
contractions  of  which  the  animal  progresses. 

When  fully  expanded,  the  animal  is  seen  to  have  a  distinct  head, 
with  a  pair  of  tentacles,  at  the  base  of  which  are  placed  the  eyes. 
In  the  center  of  the  head,  below  and  between  the  tentacles,  is  the 
mouth,  in  which,  on  the  upper  surface,  are  situated  the  jaws,  from 
one  to  three,  and,  on  the  lower  side,  the  lingual  ribbon  or  radula> 
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tlie  surface  of  vriach  is  covered  with  numerous  rows  of  small  chitiii- 
ous  teeth. 

The  Gastropoda  are  either  ovoviviparous  or  oviparous.  The  sexes 
are  separate  in  some  groups  (Dioeda)  and  united  in  the  same  indi- 
vidaal  in  others  (Monoeda).  All  of  the  fresh-water  gastropods  are 
provided  with  an  external  shell,  which  covers  the  animal  completely 
when  retracted,  and  which  is  ^iral,  discoidal,  or  conical  in  shape. 

Owing  to  the  torsion  of  the  body,  caused  by  the  ^iral  sh^>e  of  the 
sheU,  the  animal  of  all  the  fresh-water  gastrtqxxls,  while  externally 
bilaterally  symmetrical,  is  internally  asymmetrical.  There  is  but 
one  lung  or  one  functional  gill,  as  the  case  may  be,  and  the  termina- 
tions of  the  digestive  and  genital  systems,  instead  of  being  posterior 
and  central,  corresponding  to  the  mouth,  are  on  the  side  near  the 
respiratory  chamber. 

The  Gastropoda  are  further  divided  into  subclasses,  accordingly 
as  the  torsion  of  the  viscera  has  or  has  not  been  accompanied  by  a 
similar  twisting  of  the  visceral  nerve  loop.  In  the  Euthyneura, 
the  visceral  nerve  loop  lies  beneath  the  intestinal  canal,  and  was 
consequently  not  affected  by  the  torsion  to  which  that  organ  was 
subjected,  while  in  the  Streptoneura,  the  visceral  nerve  loop  lies 
above  the  intestines  and  became  involved  in  the  twisting  of  the 
viscera  and  was  consequently  made  to  assume  the  form  of  the  figure 
8.  The  aquatic  Euthyneura,  which  comprise  practically  all  our 
air-breathing  or  puhnonlferous  fluviatile  mollusks,  are  included 
in  the  order  Pulmonata;  while  the  Streptoneura  comprise  all  the 
gill-breathing  or  branchiferous  spedes,  which  are  furnished  with 
a  peculiar  chitinous  or  calcareous  structure  attached  to  the  upper 
surface  of  the  posterior  extremity  called  the  operculum,  and  which, 
when  the  animal  retires  within  the  shell,  completely  closes  the 
aperture.  Spedes  thus  provided  are  termed  operculate.  The 
Pulmonata,  on  the  other  hand,  have  no  operculum,  and  are  there- 
fore called  inoperculate. 

The  Pulmonata  are  divided  into  two  suborders:  the  Stylomma- 
tophora,  in  which  the  eyes  are  borne  on  the  extremities  of  retractile 
tentades,  and  which  are  all  terrestrial  spedes;  and  the  Basom- 
matophora,  in  which  the  eyes  are  placed  at  the  base  of  omtractQe 
tentacles,  and  which  are  aquatic  or  amphibious  in  habit. 
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The  Basommatophora  are  subdivided  ipto  thiee  superfamilies 
based  mainly  on  the  general  character  of  their  habitat: 

I.  Terrestrial  or  semiamphibious,  living  in  damp  places  or  near 
the  margin  of  the  sea,  but  not  in  the  water,  —  Akteophila. 

II.  Aquatic,  hving  in  fresh  water  and  usually  coming  occasionally 
to  the  surface  for  air,  —  Limnophila. 

m.  Aquatic,  living  in  salt  or  brackish  water  along  the  seashore 
in  the  littoral  zone,  —  Petrophila. 
The  Str^toneura  are  divided  into  two  orders: 
I.  The  A^idobranchia,  in  which  the  nerve  centers'  are  not 
closely  concentrated,  and  the  original  bilateral  symmetry  has  not 
wholly  disappeared,  there  being  two  auricles  to  the  heart  and  two 
kidneys. 

n.  The  Pectinibranchia,  in  which  all  trace  of  bilateral  symmetry 
in  the  circulatory,  respiratory,  and  ezecretory  systems  has  disap- 
peared and  the  nervous  system  is  more  concentrated. 

The  fresh-water  aspidobranchs  all  belong  to  the  suborder  Rhipido- 
glossa,  in  which  the  radula  has  very  niunerous  marginal  teeth 
arranged  like  the  sticks  of  a  fan. 

The  Pectinibranchia  are  divided  into  two  suborders,  of  which 
only  one,  the  Taenioglossa,  in  which  the  radula  has  but  one  lateral 
and  two  marginal  teeth  on  each  ^de  of  the  central  tooth,  is  repre- 
sented in  our  fluviatile  faima.  The  fresh-water  Taeni<^ossae  are 
all  included  in  the  superfamlly  Platypoda,  in  which  the  foot  is  flat- 
tened ventrally  for  creeping  purposes. 

The  several  superfamilies  of  the  Euthyneura  and  Streptoneura 
are  subdivided  into  families,  of  which  thirteen  are  represented  in 
the  North  American  fauna. 

The  class  Lamellibranchia,  so  called  from  the  form  of  the  ffUs, 
comprises  all  the  fresh-water  bivalve  shells  commonly  called  dams 
or  mussels.  The  name  Pelecypoda  is  frequently  applied  to 
this  class  from  the  hatchet-like  shape  of  the  foot.  The  lamelli- 
branchs  are  aquatic  mollusks,  without  a  distinct  head  and  with 
the  mantle  divided  into  two  lobes,  which  secrete  a  bivalve  shell 
united  by  a  ligament,  which  covers  the  entire  animal.  The  lobes 
of  the  mantle  are  united  by  one  or  two  transverse  muscles,  which 
are  attached  to  the  inner  surface  of  the  valves  and  by  their  con- 
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traction  close  the  shell.  They  are  destitute  of  jaws  or  radulaj  and 
the  cephalic  region  is  furnished  only  with  a  pair  of  latual  palps  on 
each  side.  They  feed  by  cUiaiy  action  and  breathe  by  gills  sus- 
pended on  each  side  of  the  body.  The  digestive  system  consists 
of  a  stomach,  a  liver,  and  a  more  or  less  convoluted  intestinal  canal 
with  its  oral  and  anal  extremities  at  the  opposite  ends  of  the  body. 
The  edges  of  the  mantle  lobes  in  the  fresh-water  forms  are  usually 
imited  between  exbalent  and  inhalent  orifices,  and  in  some  families 
the  posterior  margins  are  extended  in  one  or  two  siphons.  The 
foot  is  ventral,  usually  compressed,  hatchet-shaped,  and  adapted 
for  burrowing.  The  nervous  system  consists  of  three  principal 
groups  of  ganglia  (cerebral,  pedal,  and  visceral),  imited  by  nerves. 
They  are  monoecious  or  dioecious. 

The  following  diagram  represents  the  classification  of  the  fresh- 
water Gastropoda  as  thus  briefly  outlined. 


GASTROPODA 


Onkr  Pectinibranchia  Aipidobrondua 

Satxvdn       TaeniogliMsa      RhtpidoglossA 


Petrophfla         AkteophiU. 


Viviparidae  NeritJdae    Lymtiaeidae  '  Sipbonaritdae     AuricuUdae. 

An^niUuiidae  Planorbidae     Gadioiidae 

Valvatidae  AuQ'lidae 

Assimeniidae  Pbyudae 

Anmicolidae 


The  Radula 

As  the  radula  of  the  gastropod  moUusca  is  very  important  as  a 
basis  for  classification,  the  following  series  of  typical  fonns  is  given, 
which  should  be  used  in  connection  with  the  key. 
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ntN 


Flo.  L    Catyddim  Bltrnm  Say. 


no.  m.    Gadinia  nUcaUa  Stij. 


K2  c/m^^ 


Flo.  IV.    Ljmmata  ttapHMi  L. 


ft^a? 


F10.V.    AsiHrM)  muMf  Sv. 
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Fw.  Vn.    OmUaeliia  muUna  Stliao> 

Ahpuixabiidaz 


Fn.  Vm.    Ammliaria  fahidiiia  Siv- 


n 


FM.tX.    I-Wtsnu  aMrMKiu  Sir. 

Valvatidab 


Pla.X.   r*lKta  MewAMta  Sw> 
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Fto-KL   jliriwwJf  iw)— »  LwA. 


^^' 


Fn.  Xn.    .iwirili  M*M  Say. 

Pleuboceratidae 


Fu.  Xm.    AnaHfia  diinmUii  Stj. 


F».X1V.   ff>rWMMc«MMSi]t. 

The  clas^catioQ  of  the  Lamellibranchia  is  based  primarily  on 
the  structure  of  the  gill.  Each  gill  consists  of  "a  hollow  vascular 
axis  bearing  on  each  face  a  row  of  more  or  less  flattened  filaments 
which  are  nothing  more  than  simple  expansions  of  the  axis."  llie 
Lamellibranchia  are  divided  into  four  orders,  according  as  these 
filaments  are  flat  and  non-reflected  (Protobranchia)  or  parallel, 
ventrally  directed  and  reflected  (Filibianchia),  or  are  united  at' 
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regular  intervals  by  vascular  junctions  (Eulamellibrancbia),  or  are 
entirely  absent  (Septibranchia). 

All  of  the  North  American  fresh-water  lamellibranchs  belong  to 
the  order  Eulamellibranchia.  This  order  is  divided  into  nine  sub- 
orders, of  which  only  one  is  represented  in  our  fauna.  The  suborder 
Submytilacea  consists  of  "  Eulamellibranchia,  in  which  the  mantle 
is  only  slightly  closed,  generally  there  is  only  a  single  suture. 
Siphons  absent  or  very  short.  Gills  smooth.  Nearly  always  dimy- 
arian  (with  two  adductor  muscles).  Shell  equivalve  with  an  exter- 
nal ligament." 

The  Submytilacea  are  divided  into  a  large  number  of  families 
of  which  seven  are  represented  in  the  North  American  fauna: 

Maigaiitimdae  Sphaoiidae 

Uuionidae  Cyrenidae 

Dreiaaeittiidae  Cyrenellidae 

Ran^dae. 


EEV  TO  NORTH  AMERICAN  FRESH-  AND  BRACKISH-WATER 

MOLLUSCA 

I  (103)    Animal  with  a  distinct  head,  bearing,  usually,  contisctile  tentacles. 
SheE  univalre Class  Gastropoda  .  .     3 

a  (63, 100}    Animal  inoperculate,  pulmoniferous.   .  Older  Pufanonata  .   .    3 

3  (17, 31)    Animal  terrestrial  or  semiamphibious.     Shell  spiral,  columella 

plicate  at  the  baae;  outer  lip  usually  dentate  or  liiute. 

Family  AusiCUUDAE  .   .     4 

4  (9)    Foot  entire,  not  divided  tsutsreiaely.  .  Subiamily  AinuccuNAE .  ,     5 

5  (6, 7)    Shell  minute,  pupaeform,  outer  lip  thickened,  reflected,  or  expanded. 
j^  Carydwan  MUller. 

[\^L         A  gcDup  of  Btull  ipcdes  ol  general  diitiibutioD  trom  tbe  Atliotic  to  tbe  PmUc. 

V''"'^  The  only  gcQiu  in  the  family  found  at  ■  distance  from  (he  aeubore.      Found  in 

I      jsk  '^'""P  pUces  under  dead  Icavea.  pieces  of  bark,  etc     They  are  usually  Included 

\  /vy)  amoni;  the  terrestrial  spedes  and  are  included  here  rather  on  account  of  thieir 

'\jiji  lyiteroatlc  position  than  u  lieloagiDg  strictly  to  tbe  Insh-water  fauna.    Eiunple, 

V^  C.  exisimm  Say,  (Fig.  1+05;  X  10),  from  the  Eastern  States. 


)  Unless  otherwise  indicated,  the  figures  are  of  natura]  size.  In  other  cases,  the 
amount  of  enlargement  or  reduction  is  indicated.  To  obtain  the  actual  size  of  any 
ipedes,  divide  the  lagth  of  the  figure  in  millimeters  by  the  index. 
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6  (5,  7)    Shell  oval;  Up  thickened  but  not  reflected;  smooth  within;  no  caDous 
deposit Auricula  Lamarck. 


The  ty[iical  Auriculae  are  not  repcewnteil  in  our  fauna.  A  mimic  qw^ei,  A . 
ftlUictm  Mke.  (Fig,  1406),  belonging  to  the  nibgoius  Aitriailiulnm  FiidMr,  b 
buBd  along  the  goutbmi  Florida  coait  and  keys. 


7  iSf  6)    Shell  oval;  lip  thickened,  with  a  single  strong  ridge  revolving  loogi- 
>w  tudinally  into  the  aperture Traiia  Gray  .    .     8 


ra\ 


A  single  qxdes,  T.  pmUta  Gnie].,  (Fig.  1407;  Xi  A),  found  along  Uk  Florida 
coMt  and  "  easily  recogniied  by  iti  pure  bioiTD  color,  tbree  plaiu  and  the  abtcle 
lidge  on  the  iniide  of  the  impreued  ontci  bp  "  (DalL). 


FlCI.1407' 

8  Shell  oblong-ovate;  lip  thickened  by  a  ridge  of  callus,  simple  or  denticulate, 
A  within  the  edge;  no  lirae  or  longitudinal  lidges. 

/^\  Subgenus  Phytia  Gray. 

I         *%  This  group  has  been  usually  knonn  as  jl^ma  Gray,  but  that  name  Is  pceoccuixed 

\    ydCj  "od  inadmMbie.    A  aingle  spede*,  T.  nysoiit  Dr.,  (Fig.  1408;  X  3|],  locally  intn>- 

\(^ SL  <fuced  from  Europe  on  both  the  Atlantic  and  PadGc  coasta.    The  wett  coast  fbno 

^^.Xf  It  usually  known  ai  Alexia  leU/er  Cooper. 

9  (4)    Foot  divided  transversely  by  a  sulcus.     Subfamily  Melahpinae  .   .   10 

10  (11,  16)     Shell  globose-conic;  Up  shaip,  with  a  dentate  or  nodulous  callus 
within Pedipes  Adanson. 

_-   a  the  loutbeni  Flocidan  and  Califomian  coaati 

and  are  easily  distinguished  by  thar  globular  form  and  unusually  large  parietal 
'    ■     "      "         '     "       ■    '    ■  (I  Cpr.,  (Fig.  1409;  X  il)  torn  Califonua. 


11  (10,  16)    Shell  ovate-conic,  oblong,  or  subfusifonn;  outer  Up  sharp,  usually 

Urate  within Mdampus  Montfort  .   .     i  a 

Four  subgenera:  ti,  13, 14.  15. 

12  (13)    Shell  ovate-conoid;  ^ire  short;  body-whorl  veiy  large,  bioadeat 

§  above  and  tapering  to  the  base;  Up  Urate  witliiD. 

Subgenus  Melampus  s.s. 
The  species  of  this  group  are  abundantly  found  in  the  salt  manhes  and 
bradtilh  water  of  both  the  eastern  and  western  coasts.    The  shape  of  the  shdl 
and  the  apertural  armature  VG  eminently  cbancteristic   Enmple,  JCMmsIm 
Say,  (Fig.  1410;  X  i(),  from  the  Atlantic  coait. 
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13  {'4)    Shell  ovate-oblong;  spire  produced,  pointed;  isuter  lip  thickened. 
>Jl  '  sometimes  with  one  denticle  on  the  cattus. 

g,;-^  Subgenus  OvaleUa  Bivona. 

/:       j/ff,  Aaingle  Eurnpeon  ipedex,  Mdampus  bidentala  Moot.,  (Fig.  1411;  X  il),  intio- 

l     j^v\  iliiced  on  the  coast  ol  Nen  Eogl&nd.   "  The  shell,  except  for  its  Bmoother  ejHdeiiiin 

Wyr    I  and  obsolete  parietal  denticle,  is  alnunt  aactly  like  the  ligbter-coloied  forms 

^/j^  of  TraUa  mysolii,  a  fact  which  has  led  to  much  confusion  "  (Dall.).      In  living 

^<^^  dampLes,  this  spcdes  ia  caaiiv  distinguiahed  by  the  traosversely  divided  foot. 
Fu.  1411. 

14  (15)    Shell  elongated,  solid,  rounded  to  a  point  at  both  ends;  outer  lip 
lirate  within Subgenus  Detracia  Gray. 


15  (12)  Shell  small,  thin,  subfusiform;  spire  elevated;  columella  twisted  to 

/i^  form  one  strong,  spiral  ridge  entering  the  volutions;  outer 

^/j\  lip  thin,  sharp,  without  internal  lirae,  thickening  or  denticu- 

^l    '-i^  lations Subgenus  Sayella  Dall. 


17  (3)  3^)     Animals  marine  or  semi-amphibious,  Uvingon  rocks  where  they  are 

immersed  at  high  tide.    Head  without  tentacles. ...     i8 

18  (21)    Shell  patelliform,  with  a  subcestral  apex.    Animal  with  a  jaw  aod 

both  lung  and  gill Family  Siphonakiidax. 

Only  one  genus Siphonaria  Sowerby  .   .     19 

19  (3o)SbeU  solid,  porcelknous;  surface  with  more  or  less  elevated  ribs  ez- 
"  tending  to  the  margin Subgenus  Siphonaria  s.s. 
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3o  (19)    Shell  thin,  bony,  smooth,  or  with  fine  radiatiog  lines,  which  do  not 
interrupt  the  margin Subgenus  Liriola  Dall. 

Two  spedei  ue  repreamtcd  od  tlw  mat  cduL     ""^""T^j  Sipkmarij 
■-■•   'wCpt..  (rig.i4i6;Xil). 


31  (18}    Shell  patellifoim,  obliquely  conical.    Animal  with  a  limg  only;  no 

gill;  no  jaw Family  Gaddoidae. 

Only  one  genus Gadittia  Gtay. 

Two  nMdta  occur  aa  the  louttaerD  Ctlifomk  ooiat.  Aaothcr,  de- 
scribed from  Cuba,  may  be  kxAcd  for  oa  the  Florida  keyi.  F.imiinJg, 
C.  rdKaJoM  Sby.,  (Fig.  1417.) 


33(3,17)    Animal  aquatic,  inhabiting  fresh  water. 33 

Four  funitiei:  jj.  3a,  50.  sj. 

33  (33)    Shell  ^tral,  deztral;  qiire  more  or  less  elongated;  tentacles  flattened, 

triangular. Family  Lvunaqdae. 

Only  one  genus. Lymnaea  Lamarck  .    .     34 

Eight  Hibgenen:  14,  35,  j(,,  37, 18,  3^  jo,  31. 

34  (35)    Shell  large,  thin;  qtire  slender  and  acute;  body-whorl  large,  inflated; 

columella  strongly  twisted;  axis  pervious. 

Subgenus  Lymnaea  s.s. 


Hie  typical  spedei,  £.i(wimIuL..  b  dtcumboml,  bat  the  typical  h 
Dot  found  in  America.  The  common  American  (onn  ii  known  la  L.  sfo) 
oftmst  Say,  (Fl«.  1418^  X  \). 


35  (26)     Shell  large,  solid,  bulimifbrm;  spire  short;  body-whorl  large,  inflated; 
— '-i  impervious.    ....    Subgenus  Buiimnaea  Halderoan. 


^\ 


The  tjipical  and  only  Kiedes.  LymnatamitaiemoSty,  (Fit.  1419;  X|), 
t_i,._  .!._   __^L__   United  Statei  and  Canada.  we«  to  Man" '^- 
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atf  (a;)    Shell  thin;  ^iie  short,  acute;  body-whorl  large,  iiiflated;lipexpanded. 
Subgenus  Radix  Montfort. 


but  hu  bttD  loo^  intniduced  in  tevcnl  of  tlw  K 


37  (28)     Shell  thin;  spire  short;  body-whod  large,  elongated,  not  inflated;  sur- 
face sculptured  with  spiml  indsed  lines. 

Subgenus  Pseudotuccinea  Baker. 


throughout  the  eutcm  United  States  and  C 


8  (29)     Shell  very  long  and  slender;  spire  elongated,  acute;  body-whorl  long 
and  Darrow;  columella  smooth.    Subgenus  Actila  Haldeman. 


a9  (30)  Shell  varying  from  elongate  to  short  ovate;  outer  Up  (usuaUy)  some- 
rthat  thickened  within;  columella  somewhat  twisted  and 
plicate;  surface  with  strong,  spirally  impressed  lines. 

Subgenus  Stagnkola  Leach. 


FM.I41S. 

30  (31)    Shell  as  in  Stoptia^,  but  with  the  surface  bngitudinally  costate. 
Subgenus  PdyrhyHs  Me^. 
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31  (24)  Shell  small,  turrcted;   spire  somewhat  elevated;  spiral  sculptura 

A  .  wantit^  or  subobsolete;   columella  not   twisted;   inner  lip 

iflj^  usually  reflected  over  the  umbilicus. 

/1[\\W  Subgenus  Gotta  Schnmk. 

Xiff     \  Thii  ETOup  of  mult  ipedcs  bas  ■  wide  nnge  from  the  Atkntic  to  the  Pacific. 

>a/       I       TheeamtdcZ.yiKnafaoinuiaSay,  (Fig.  1415;  X  il),ii*a)aiiiMaqi«de>iit  tlic 
'JI     J       Eutem  Stato. 

33  (50)    Shell  discoidal,  sinistral,  or  dextral,  or  spiral  with  a  veiy  low  spin. 
Animal  sinistral;  tentacles  cylindrical. 

Family  Planobbidae  . 


The  dextnl  Bpede*  of  thli  fsmily  present  the  apparent  anomaly  of  a  snistral  animal  with  a 
dextraUy-coiled  ihell.  Such  shells  are  not  true  deitrai  shelU,  but  repeseut  the  cooditiiHi  of 
bypeitrophy,  so  c^ed,  in  which  the  apinl  growth  of  the  shell,  msUaa  of  bting  Ikkd  the  apei 


downwaid,  as  is  usually  the  case,  is,  as  it  were,  fiom  the  apex  upward,  the  result  bdna  an  aivu- 
ently  dextral  shell  with  a  unistral  animal.  Such  shells  are  also  called  ultradeTtral.  la  the 
formation  of  the  key  to  the  subdivisoos  of  the  family,  the  shells  are  treated  with  idercDcc  to 
their  ^>paieiit  mode  of  s[»ral  growth. 

53  (47)    Shell  discoidal Subfamily  Planorbinae  .  .     34 

34  (46)    Aperture  edenUte Platwrbis  Muller  .   .     35 

Six  subgenera:  js.  36.  3ft  4<^  41.  4»- 

35  (36)    Shell  sinistral,  large;  whoris  rounded  above  and  below,  gradually  in- 

creasing; aperture  but  slightly  expanded;  lip  simple  and 
sharp. Subgenus  Plattorbis  s.s. 


Fio.  14)6. 
36  (39)    Shell  dextral  or  Snistral,  few  whoiied;  the  whorls  carinate  above  and 
rapidly  enlarging;  base  funicular;  aperture  suddenly  ex- 
panded and  lip  thickened. 

Subgenus  Hdisoma  Swainson  .   .     37 


The  typcal  sptdes,  Flanerbis  mlrotiu  Con.,  (Fig.  1417;  x  li),  h 
general  distribution  east  ol  the  Rocky  Mountains  aiid  mdy  on 
Pacific  coast. 
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Shell  simstral;  early  wborb  flatteoed  and  carinate  above;  t>ase  funic- 
ular      Section  Pierosoma  Dall. 


Thii  group  indudei  Detily  sll  the  lalger  North  Americui  PUnotbe* 
and  ii  reproented  by  numeioua  ipcdcs  found  in  «U  pATtt  of  the  coustiy. 
Type,  PiatiarHi  Irmlmt  Siy.  (Fig.  uaS). 


Shdl  sinistral;  aperture  campanulate;  lip  thickened. 
'  ~"~  Subgenus  Planorbelia  Haldeman. 


The  typcal  form,  Planorbis 

-jouDOD  ocmrrnice  uid  wide 

United  States  north  of  Teaaesiee. 


Shell  dextial,  much  depressed;  ui^r  surface  convex,  base  flattened; 
body-whorl  carinate;  lip  simple. 

Subgenus  TropidUcus  Stein. 


41  (42)     Shell  small,  dextral;  periphery  carinated;   base  convex;  aperture 
(Clique;  Up  nmple Subgenus  fii^pue^M  Agassiz. 


4*  (35)    Shell  smaJl,  depressed;  body-whorl  rounded  or  obtusely  angulated; 
lip  simple Subgenus  Gyravitts  Agassiz  .    .     43 


45  (44,45)    Surface  spirally  striate  and  hispid. 


.    Section  Gyrauiui  s.s. 
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44  {43i  45)     Surface  smooth  or  finely  striate Section  rorftiu  D&U. 


Untie  to  the  Pacific.     Type,  Flanorbis  parau  Say,  (Fig.  1433;  X4)). 


45  (43i  44)     Shell  minute;  surface  costate.      .    .     Section  Armiger  Hartmann. 


The  typical  species  only,  Ptamrrbis  crista  L..  (Fig.  1434:  X7).  repre- 
scnts  this  group  in  our  fauoa  and  hai  been  recorded  from  Maine  to  llli- 
noii  and  northward. 


4^  (34)     Aperture  with  one  or  more  sets  of  laminae  or  teeth  behind  the  margin. 

SegmetUina  Fleming. 


The  typical  Segmenlinae  are  Dot  repreaented  in  our  fauna.  All  of  the 
American  spedes  belong  to  the  subgenua  PUamrbula  Hafdemau.  The  type 
S.  armigeraSay,  (Fig.  i43j:X3)  is  common  in  the  nortbem  Eaiteni  States 
and  Canada. 


fia.  iKi- 

47  (33)     Shell  spiral,  dextral,  flattened  above  and  convex  below;  body-whorl 

very  large Subfamily  Pohpbouginae  .   .     48 

48  (49)     Shell  imperforate Pompholyx  Lea. 

K^l/        ^         Two  or  three  spedcs  only  art  known  from  California.    Type,  P.  fffuta 
X^.^J;;      Lea..  (r«.  .436;  X  >!>■ 

Flo.  1436. 

49^48)    Shell  deeply  umbilicate Carinifex  W.  G.  Binney, 


r>})^. 


\\\\t^  ]  "^^  typical  ipedea,  C.  Htwberryi  Lea.,  (Hg.  1437).  i»  Irom  CaB- 


50  (S3)    Shell  spiral,  siniatraL    AnimaJ  sinistral;  tentacles  slender,  q^indiical. 
Family  Phvsidae  .   .     51 
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51  (53)    Shell  with  body-whorl  usually  inflated.    Inneredge  of  mantle  digitate 
or  lobed,  extending  partly  over  the  sbdl. 

Pkysa  Drapamaud. 

I  The  spedd  of  this  genua  ue  very  numeroua  ind  extiemely  vuUble,  ao  that 
nuny  more  spedei  have  been  described  th*n  really  aiit.  The  Physae  are  found 
in  all  patt»  of  the  country,  but  the  majority  of  the  species  are  inhabitaati  of  the 
Nonhern  States  and  Caiutdft.    F.iampir,  P.  tyriaa  Say,  (Eig.  1438;  X  iD- 

53  {51)    Shell  slender,  elongated.    Inner  edge  of  mantle  simple,  not  extending 
over  the  shell Aplexa  Fleming. 

fR  ifi  The  tycjcalspedesijl.  hyPimntm  I...  (Tig.  1439;  X  lO.iscucumboteal  and  bat  a 

fSum      gcDeral  dutribution  thraugh  the  N<Ktheni  StaUa  and  Canada  from  the  Atlantic 

53  (13)     Shell  pateUiform  or  depressed,  dextrally  spiral,  neritiform  or  planorbi- 

form.    Animal  sinistral  or  deztrat;  tentacles  short,  blunt, 

cylindrical Family  Ancylidae  .   .     54 

Five  gewta:  54,  59,  60,  61,  6z. 

54  (59)    Shell  patellifonn,  small,  thin;  apex  posterior,  slightly  inclined  to  one 

side Ancylus  Miiller  .    .     55 

55  (58)    Apex  inclined  to  the  right.  ....       Subgenus  Ancylus  s.s  .  .     56 

56  (57)     Apex  subacute,  radially  striate Section  FerrisHa  Walker. 

Numerous  spedes  and  of  general  distribution,  usually  found  adhering  to 
stones,  etc.,  in  nmning  water.    Type,  Aniyliis  rmtaris  Say,  (Fig.  1440;  X  3). 

57  (s*^)    Apes  depressed,  smooth Section  Laaapex  Walker. 

The  spedes  of  this  group  are  usually  found  in  quiet  water  and  are,  M 
a  rule,  larger,  tliiaiKr,  and  more  depressed  (ban  the  Ferriisias.  Type, 
Aiuylia  dtafkoHHi  Hald,,  (Fig.  1441 ;  x  tl). 

PlO.I44t- 

58  (5S)     Apex  inclined  to  the  left Subgenus  Acroloxiu  Beck. 


Onlyoi 
from  Oregon,  has  been  referred  to  this  group,  b' 
known  and  its  generic  positioa  is  very  domitful. 
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59  (60)     Shell  large,  thick  and  solid;  apex  smooth Lanx  deasm. 

^B^S^  '^^  genut  it  teurkud  to  Um  P*dfic  OMtt  Mtd  b  (Gttiiiniiihed  br 

^^^^^gl^       the  Urge  9iie  and  thick  lolid  ibdli.     Type,  L.  HoubcrryiLt^   (Fi(. 

FlO.  I44i- 

60  (61)     Shell  ancyliform,  small,  thin,  with  a  septum  across  the  apical  portm 

of  the  interior Gundiackia  PfdCer. 

This  veiy  rmuifcable  uti  peculiv  soiiu  hu  a  general  but  very  local 
distiibutkiD  from  the  AtliDtic  to  the  FadGc  Eumplc,  G.  mrHntM 
Stimp,,  [Fig.  T444;  X&).  from  the  Eutem  States. 

SheU  small,  spiral,  deztral,  neritoid,  or  crepidula-Uke,  with  a  broad, 
__-  thin,  columellar  plate  projecting  across  the  end  of  tbe  aper- 
■^^s.      tuie  next  to  the  ^ire Ampkigyra  Pilsbiy. 


62  (54)    Shell  very  minute,  dextial,  epitl,  subdiscoidal;  columdlar  margin 
broadly  dUated Neopltmorbis  Pibbry. 


63  (3,  iQo)    Animal  operculate,  branchiferous  (except  Asnmaua).    Radula 

with  seven  rows  of  teeth. 

Order  Pocttnibnuicbiata.    .  Suborder  Taenlo^oMK  .   .    64 
Six  (amilies:  64,  6s,  66,  71,  ji,  90. 

64  (65)    Shell  small,  spiral,  deztral,  conical;  operculum  spiral.    Animal  pul- 

moniferous Family  AssniENimAE. 

^j.  Only  a  sin^e  genus Assmenia  Leacb. 

n    U  niM  ^^  AsEUDOUBS  live  io  bradiish  water  in  the  upper  part  o[  tbe  littocal  noe. 

U  ',^A>^       Two  ipedes  occur  oa  the  Florida  lcey>  and  two  oa  the  coatt  of  California.    Ei- 
Ngf^    I       ample..*. <aWi»»^Tryoii,  (Fig.  i447;X4). 
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65  (66)    Shell  large,  globose-tucbioate;  umbilicate;  operculum  corneus,  con- 
centric.   Animal  with  the  respiratory  chamber  divided  into 
two  parts,  one  being  the  lung  and  the  other  containing  a  gill. 
Family  AupDiXAiumAE. 
Only  a  single  genus. jlm^wtfona  Lamoidc 


!.    Two  or  three  apecics  occur  m 

Geoi]^  ind  Florida.    EKmipte,  A.  faludma 
Say.  (Fig.  .448). 


66  (71)     Shell  of  moderate  size,  dextral,  turbinate,  imperforate,  or  subperfontte; 
operculum  comeus.    Animal  branchiferous. 

Family  Vivipakidae  .   .    67 
Four  genoK:  67,  68,  6g,  ;o 


67  (6S)  Shell  rather  thin;  operculum  concentric,  inner  margin  simple.  Animal 
with  foot  of  moderate  size,  not  produced  beyond  the  snout. 
Teeth  of  the  radula  multicuspid.     .  .   Viviparus  Montfort. 


usually  to  be  diatioguished  from  the  Campclomae  t^  the 
UUnner  uul  more  globiMe  shdls  and  coovex  wborls.  Ei- 
■nfje,  V.  HtKrtcrhu  Say,  (Fig.  1449;  X  i)). 
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68(69)  Shellthickandsolid;  operculumconcentric,iimeredgesimpIe.  Aninud 
with  the  foot  very  large,  much  produced  beyond  the  snout 
Teeth  of  the  radiihi  simple  or  only  minutely  crenulate. 

Campehma  Rafinesque. 


Thii  gtnui  is  p*"'!'"-  to  North  America  uid  the  sevoal 
matt  &TE  unully  very  Bbunduit,  what  lound.  Tbougb  rtonn- 
ally  dutral,  sniKral  exunidcs  are  not  UDCommon.  They  ranee 
from  the  Musurippi  Valky  eut  lo  the  Atlantic  and  trom  the  St 
Lawrence  Valley  aouth  to  the  Gulf.  Eiample,  C.  inbitlUa  Anth, 
<E1g.  1450). 


69  (70)    Shell  tiirreted;  operculum  with  a  subspiial  nucleus. 

LioplaxTioscbd. 

MlVl^M  This  geotu  ii  bIw  peculiar  to  this  country. 

SI  tfljlL         to  the  states  east  of  the  Misiisiippt  and  south  of  Ohio  and  N 
^Mi^         L.  sutianiiala  Say,  (Fig,  i4;i}. 


70  (67)  Shell  (typically)  large,  solid,  imperforate;  spire  elevated;  opercuhim 
concentric,  with  the  inner  margin  reflected,  forming  an  de- 
vated,  margmal  fold Tuloloma  Haldeman. 


This  genus  is  pecuUar  to  North  Anuriot  and  is  restricted,  to  the 
AUbBma  River  and  iti  tributaries  in  Alabuni.  Hk  two  leadiiis 
Bpedea  are  remarkable  for  their  heavy,  nodulous,  oc  tuberculaua 
Jwll.     Type.  r.  mapiifita  Con.,  (Fig.  1451). 


71  (73)  Shell  small,  spiral,  dextral,  tuil)inate,  or  subdiscoidal;  aperture  entire, 
circular;  operculimi  round,  multispiral.  No  basal  denticles 
on  the  centra]  tooth  of  the  radula.  .  Family  Valvatidae. 
Only  one  genus Valvata  MUUer. 
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72  (90)    Shell  small,  spiral,  deztral.    Central  tooth  of  the  radula  with  one  or 
more  basal  denticles.    .  .    .    Family  Amnicolidae  ,   .     75 

73,  74,  g],  88,  89. 

73  (74)    Operculum  calcareous,  concentric Subfamily  Bythzninae. 

Only  one  genus Bythinia  Gray, 

A  single  European  spedcs.  B,  lenlaculata  L..  (Fig.  1454:  X  i),  hu  beea  iatco- 
ductd  by  oimmerce  from  the  Hudson  River,  along  Ute  fine  irf  the  Erie  Canal, 
and  into  the  Giest  Lakes  as  far  west  as  Chicago. 


Ft0.t4S4. 

74  (82)    operculum  comeus,  paucispiral.    SbeU  thin;  columella  not  thickened. 

Foot  simple Subfamily  Aunicolinae  .    .     75 

Six  genera:  75,  77.  78,  jg,  80.  81. 

75  (7<^)     Shell  smooth,  usually  subglobose.     Central  tooth  of  the  radula  multi- 

cuspid, with  a  tongue-shaped  process  projecting  on  the  ante- 
rior surface  and  beyond  the  base  and  with  several  basal 
denticles .i4mnic0/a  Gould  and  Haldeman  ..     76 

u  both  in  spedes  and  iodividuals.  In  shell  chuacters,  some  of 
tbe  more  elongate  species  approach  Pidudalritta,  but  as  a  rule  the  shell  Is  mote 
globosci  with  a  shorter  spire.     Tyj*,  X .  iimaio  Say,  (Fig.  I4SS;X4). 

Ro.t*SS. 

76  Radula  more  minute  and  the  denticulations  of  the  oisps  of  the  teeth  . 

finer  and  sharper.  .....     Subgenus  Ctncmnntta  Pilsbry. 

Jf^^  This  subdivision  is  based  whoUy  on  the  character  of  the  lingual  teeth.       The 

aW    iuI  shell  characters  are  those  of  Amnicaia,    TVpc,  Amniala  dticinaaliauij  Anth, 

Ilia's        (Fig.i4S6:X>)). 


77  (78)     Shell  similar  to  Amnicda,  but  more  slender  and  elongated.     Central 
tooth  of  the  radula  with  but  one  basal  denticle  on  each  side 
>-y\  and  without  the  tongue-shaped  process. 

[ij-tW  Paiudeslrina  Orbigny. 


78  (77)     Shell  elongated,  tuneted,  longitudinally  ribbed  or  plicate. 

Tryonia  Stimpson. 
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79  (So)    Shell  elongated,  strongly  carinated  on  the  periphery. 

PyrgtilopHs  Call  and  Filsbry. 


So  (81}    Shell  ovate-conic;  whorls  shouldered  and  usually  coronated  with 
spines Potamopyrgus  SUmpson. 


Two  vc*^  tiom  Florida  and  Teni,  revecrively,  tie  nproented  in  0 

' .    Tyijiamy  ipiiiow,  all  the  >pedes  are  dimoiptuc,  having  both  an  ang 

, J        _      .L    ...j_..     ._.       ^^lumplt,  P.  mtomMh  Pi 


e,  qsiooM  form  and  a  •nwotb. 


81  (75)    Shell  subpyramidal,  rather  solid,  smooth;  body-whorl  subangulated 
at  the  periphery.   .    .    .     LiUoridina  Eydoux  and  Souleyet. 


a  from  Florida,  L.  mfantmat. 


83  (88)    Shell  with  a  large  body-whorl  and  short  spire;  columella  usually 
callously  thickened;  operculum  comeus,  subspiral.    Foot 
simple.    Central  tooth  of  the  radula  with  several  basal 
denticles.  .....    Subfamily  LvTHoaLYPHiNAE  .    .     83 

Five  genera;  83,  84.  ii.  86, 87. 

83  (84)    Shell  depressed-oonic;  base  concave,  widely  and  deeply  umbilicated. 

Cockiopa  StimpscHi. 


A  Central  AmerioD  genua,  of  wliidi  one  q>edea,  C.  riegraiiJtmU  F.  and 
F.  (Fig.  1461;  X6),  baa  been  found  in  TexBi  and  anothei  (doubtfully)  in 
Calif  onus. 


84  (85)  Shell  minute,  globose-turbinate,  narrowly  but  deeply  umbilicated; 
columellar  Up  thin;  operculum  comeus,  pauospiral;  nuclear 
whorls  large,  slowly  and  regularly  incieasinc. 

Clappia  Walker. 

Only  a  lingle  ipedei,  C.  d(i»^  Walker  (Fig.  1463;  X  61),  from  tbe  Coraa 

....  -    .1.1. —   ,- I Q^    It  lomewhat  rewmbia  SMwtsnrw  in  ab^p^ 

adeepumbOicuaaiidpecunar^CKahun. 
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85  (86)  Sbeli  obliquely  ovate,  thick,  solid,  imperforate;  columella  flattened 
and  calloused;  lip  sinuous,  eSuse,  and  projecting  anteriorly. 
Verge  winged Pluminicola  Stimpson. 

A  duraderiitic  west  a 

"lera  radiiallv  i 

laLea  (Fig.i4e4;  Xi). 


Shell  usually  thick  and  soUd,  imperforate  or  narrowly  perforate; 
body-whorl  large;  columella  callously  thickened;  spire  usu- 
ally short;  aperture  very  oblique,  Up  projecting  above;  oper- 
,    culum  subsinral,  nuclear  whoris  small,  rapidly  increasing. 

Somalogynts  Gill. 


Eiample,  S.  mbilobiuui 

Shell  not  very  thick,  imperforate;  body-whorl  large;  spire  short; 
peritreme  continuous  in  the  same  plane;  columdla  scarcely 
thickened.    Vei^  simple Gittia  Stimpson. 


8  (89)    Shell  as  in  Amnicollnae,  very  small;  operculum  circular,  multi^iral. 

Foot  simple Subfamily  Lyogyrinae. 

Only  one  genus Lyogyrus  GilL 

A  peculiar  genua  of  minute  ipedes  restricted  to  the  Atlantic  cout  Mtte*. 
Easily  distinguished  by  its  operculunL    Tyv,  L.  pvptidau  GId,  (Fig.i46r;  XG)> 


9  (SS)    Shell  elevated,  turreted;  operculum  subspiral.    Foot  divided  by  a 

transverse  sulcus Subfamily  Pouatiopsinae, 

Only  one  genus Potnatiopsis  Tryon, 


«  tcnestrtsl  or  nther  aci 


mphibious  ID  hsUt, 

Tbe  divided  loot  ii  very  pe- 
by  Bi  series  ol  stepg. 


90  (71)  Shell  dextral,  spiral,  thick,  solid,  globose,  or  elongated;  operculum 
comeus,  subspiral.  Animal  without  an  external  verge.  Cen- 
tral tooth  of  the  radula  without  basal  denticles. 

Family  Pledrocekatidae  .   .     91 
Sena  (cnen:  91, 01,  d4>  9i,  91.  9^.  99- 
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Hii!!  group  o(  tuee,  striking  qiedcs  is  coDliiud  to  tlte  riven  of  eut- 
tm  Tennessee.  Tfaey  ue  found  only  In  very  npidly  ninmng  wtter. 
Eiample,  /.  tpiiMsa  Lea  (Fig.  1469). 


ga  (94)     Shell  globose-conic;  columella  callously  thickened  above  and  below; 
aperture  shortly  channeled  below. 

LUhasia  Haledman  .   .    93 


The  UthBSBC  form  a  very  distinct  group  duncteiised  by  tbe  oilu- 
mella  tlii<±ened  by  deposita  o(  callus  above  and  below  umI  the  short  caiut 
at  its  baae.  Witb  the  exctption  o[  three  qtedes,  which  extend  as  far 
north  as  the  Wabash  Rivet,  Indiana,  the  group  is  restricted  to  Ken- 
tudiy,  Tennessee,  and  Alabama.    Type,  L,  ttmadata  Coo.  (Fig.  147c). 


SheU  similar  to  Lilkasia,  but  with  the  basal  canal  more  produced- 

Section  Angitrema  Haledman. 


This  group  connects  LOImio  with  h.     Tyfe,  LMasia  armifr«  Sty 

_    ...      . 


94  (95)     Shell  obovate,  thick,  soUd;  spire  short;  body-whorl  large;  columella 
callou^y  thickened  above,  incurved  below  and  subtruncate. 
Eurycadon  Lea. 


Budd(Fig.  14J])' 
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95  (9?)  Shell  elongated,  conic,  ori»rithi/orm;  aperture  subiiiomboidal,  pn>- 
longed  into  a  short  canal  bdow;  c^umella  twisted,  not 
callously  thickened.    .   .    .     Pleurxera  Rafinesque  .   .     96 


fern  tpecm  eitald  Dorth  to  the  Great  Lakei  uid  west  to  the  MInisaippi 
Vdley.  The  ipedes  vaiv  Ere&tly  in  contour,  rangiiu  Cram  tong,  deooer, 
and  rather  thin  to  huge,  heavy,  and  broadly  ct>iiic.    Guunple,  P.  cmuIkw- 


Shell  smooth;  spire  obtusely  conical;  body-whorl  subcylindiical;  aper* 
ture  subquadrate;  columella  thickened  below,  twisted  and 
drawn  back,  base  subcanaliculate;  lip  very  sinuous. 

Section  Sirepkabasis  Lea. 


97  (98)  Shell  ovate-conic  to  elongate;  smooth,  plicaU,  striate,  or  tuberculate; 
aperture  subrhomboidal,  subangiilar  at  the  base,  but  not 
canaliculate;  columella  simple,  smooth.  .  .   GonitAatis  Lea. 


This  gcDui  comprises  ahout  three-Gfthi  of  aU  the  qwde*  of  the  family 
and  ii  eaonnoualy  developed  in  the  rivers  a(  Tennessee  and  Alabama.  A 
lew  spcdes  extend  north  to  the  St.  Lawrence  Valley  and  nest  to  Tubs  and 
the  western  Iribularies  of  Ihe  Missiasipp.  A  small  group  of  spedcs  ii  also 
found  on  the  PadGc  coast  and  is  the  only  genus  of  the  family  leprcscDtcd  in 
that  region.     Example,  C.  mrginica  Gmel.  (Fig.  147:),  tiom  the  Atlantic 


SheQ  conical  or  globose-ovate;  aperture  with  a  slit  along  the  suture, 
entire  below Gyrotoma  Shuttleworth. 


lUs  remarkable  genus  is  conGoed  to  the  Coon  River.  Alabama,  where 
it  is  reixesented  by  a  consderable  number  of  described  niedes.  llie 
■UtUfal  slit  ia  characteristic  and  is  either  direct,  narrow,  and  deep,  or  ob- 
lique, short,  and  wide.    Kiample,  G,  dtmiinim  Lea  (Fig.  1476). 
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99  (91)  Shell  thick,  solid,  subglobose,  with  a  veiy  short  ^>iie,  01  thinner  and 
conical ;  aperture  oval  or  subcircular,  entire  below ;  columella 
callously  thickened Anculosa  Say. 

This  group  differs  from  all  of  the  rdccs  of  the  fumly  by  the  entire  ipeituic 
The  bcftvy,  subglot>o>e  spedes  range  lin>m  the  Ohio  River  gouth  ioto  AUbuna  and 
GtOQM  hut  s'B  "ot  found  in  the  northern  Atlantic  Statea  nor  in  the  Miadssiipi 
Valley.    The  thin,  conical  spedei  are  diu&cteristic  of  the  Atlantic  draiaage 


w  York  louthwajd.    Type,  A.  praeroia  Say  (Fig.  1477). 


a  1477- 


100  (2, 63)  Radula  with  numerous  rows  of  teeth,  consisting  of  a  centrsl 
tooth,  3-5  taterab,  and  numerous  marginab  arranged  Hke  the 
sticks  of  a  fan. 

Order  Aspldobranchia     .    .     Suborder  BhlpidoKlossa. 
Represented  by  a  ^ngle  family.  .   .     Neuttoae    .   .   101 

loi  (loa)  Shell  ^obose,  imperforate,  very  thick  and  solid;  apertuie  semi- 
ovate,  columellar  region  expanded,  flattened,  and  thick- 
ened; operculum  calcareous,  edge  with  projecting  processes 
(apophyses),  articulating  with  the  columella. 

NeriUna  Lamarck. 

A  tew  ^ledes  of  this  characteristic  tropical  genus  are  found  in  the  fmh  and 
'  brukiifa  WBten  of  Ftotid*  and  the  Gulf  coast.    Example,  N.  rtdnala  Say  (Flc. 

Ekl.I47S. 

)    Shell  small,  thin,  comeus;  columella  concavely  flattened,  calloused; 
operculum  comeus,  paucispiral,  without  apophyses. 

Lepyrium  Dall. 


^Tl 


This  genus  ms  (reated  for  a.  sngle  snail  species,  known  only  from  the 
Coosa  and  Cahawba  rivers  in  Alabama  and  is  peculiar  in  the  ■•'""Ttw  of 
the  operculum.    Type,  L,  ihaimlltri  Lea  (Fig.  1479;  X  jl). 


105  (t)    Animal  acephalous.    Shell  consisting  of  two  oppoang,  symnnetcical 
valves  united  by  a  ligament.  Class  lanieUibranchia  .   .  104 
Represented  by  a  single  order,  EulameUibranchia     .    .   104 
Seven  famitiea:  105,  106,  166. 167. 173,  174;  in  two  groups;  104, 165. 

104(165)    Shell  equivalve;  interior  nacreous;  ligament  external;  hinge  with 

or  without  teeth,  but  never  with  true  cardinal  teeth;  when 

present,  the  modified  anterior  lateral  teeth  are  known  bs 

pseudocardinals  and  the  posterior  teeth  as  laterals.  .   .     105 

Two  tamllies:  105, 106. 
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pseudocardinab;  laterals,  when  present,  very  obscure, 
without  water  tubes  and  with  scattered  interlameilar  con- 
nections, which  in  certain  places  fonn  irregular  diagonal  rows. 
Family  Masgakitanidae. 
Only  one  genus Margaritoita  Schumacher. 


io6  (105)     SbeIlBubcirculaT,oval,subtriangular,orelongated;hiDgeedentuIous 
or  with  pseudocardinaU  only  or  with  both  pseudocardinals 
and  laterals.     Gills  with  water  tubes  and  distinct,  contin- 
uous interlameilar  septa,  running  [Mrallel  to  the  filaments. 
Family  Unionidae  .    .     107 


107  (tat,  140)  Marsupium  formed  by  alt  four  gills  or  by  the  outer  gills  only; 
edge  of  marsupium  always  sharo  and  not  distending;  water 
tubes  simple  in  the  gravid  female. 

Subfamily  Uniondjae'  .   .     108 
Fivcgauni  loS,  113, 114.  115,  117 


108  (113)  All  four  gills  serving  as  marsupia.  Shell  alike  in  both  sexes,  tri- 
angular, quadrate  or  rhomboidal,  solid,  inflated,  beaks 
usually  prominent,  sculptured  with  a  few  coarse,  subpaiallel 
ridges,  which  are  inflated  where  they  cross  the  posterior 
ridgei  posterior  ridge  ordinarily  well  developed;  hinge  com- 
plete, with  strong  teeth;  hinge  plate  wide;  \xA  cavities  deep 

and  compressed Quadnda  Ra&nesque  .    .     109 

Foui  Mctions'.  log,  110,  iii,  iia. 
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109(110)    Surface  plicate Section  CrenodoMa  Schhiltr, 

The  sicdcs  of  thii  group,  cbuaderiiei)  by  tbe  hckvy.  plicate  Kulplure  of  the  valves,  are 
among  the  laisest  and  Mavicst  of  the  AmerianUaioiiidLe.  Tfaey  ate  vety  sbiiudaiit  throu^iaut 
tbe  Southern  Slates  from  Georgia  to  Texas.  Two  spedes  raiiije  north  into  tbe  St-  Lawiencs 
dniDage,  the  headvaters  o(  tbe  MiieinHX,  and  to  Lake  Wniupeg.     Type,  QuaJnla  PliMl» 


.  no  (in)  Surface  pusttilose,  with  a  radial  furrow  above  tbe  posterior  ridge, 
usually  painted  with  triangular  spots  or  chevron -shaped 
lines Section  Quadnija  s.s. 

Tlie  typical  spedes.  Q.  c^iniriat  Say  (Fix.  i^&i;  X  t).  iwge 
Cumberland,  and  Tennessee  rivet  systems  and  west  to  Ancaosas. 
■pedei  are  found  in  Tennesaee  and  Alabama. 
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III  (ill)     Surface  pustuloae;  no  radial  furrow  above  the  posterior  ridge; 
unicolored  or  rayed,  never  painted  as  in  Quadnda  s.s. 

Section  Theiiderma  Swainson. 

This  section  comprisfs  Chcee  weil-mariied  groups:  first,  that  ol  the  CyiMcai  spedes,  Quadtula 
laikryn't''  L™  (P*'  i43j>.  haviog  a  quadtste  oc  rhomboid  shell  with  a  wide,  shallow  radial 
furrow  in  frnnt  o[  the  pi>9terior  ridge;  second,  that  at  Q,  puilniaia  Lea.  with  a  rounded,  quad- 
rate shell  with  no  radial  furrow;  thiri  two  amail  spedes  from  Georgia  and  Florida,  rounded- 
rbomboid  in  shape,  without  the  furrow  and  with  the  surface  covered  with  liftzai;  coTrugations. 
Most  of  the  q>edes  are  found  only  in  the  Southern  States,  but  the  first  Ivo  groups  have  njm- 
wQlatives  nmging  north  to  Michigan  aod  Minnesota. 


113(109)    Surface  smooth Section  i'tuconata  Simpsoa. 


White  tbe  Diajority  of  the  spedes  of  thH 
section  are  found  in  the  Southern  Stales,  it  is 
well  represented  as  far  north  as  Michigan  and 
the  upper  Mississippi.  Type,  QaadniUt  kh- 
data  Bar.  (Fig.  14&4)- 
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113  (114)  All  four  gQIs  serving  as  marsupja.  Shell  large,  solid,  rhomboid, 
truncated  posteriorly  in  the  male,  elongated,  with  a  strong 
posterior  ridge,  sexes  dissimilar  in  shape,  the  posterior  region 
being  rounded  and  subcompressed  in  the  female;  hinge  com- 
plete; surface  pustulose,  except  on  the  extended  portion  of 
the  female Triiigonia  Agassiz. 


The  type,  T.  tubtrailala  Bu.  (Fig.  1485:  X  l).  b  very  o 
in  tlie  Souutem  States  Imsa  Alabanu  to  Teua. 
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114(115)  Outer  gills  only  serving  as  marsupia.  Shell  rounded;  beaks  sculp- 
tured with  numerous  fine  irregular  corrugations;  hinge  com- 
plete; nacre  violet Rolundaria  RaAaesqxK. 

The  type,  R.  luberciilala  Raf.  (Fig.  i486),  isnges  [ram  soutbem  Michigan  through  (be  Ohio, 
TenncBee,  and  Missisappi  systems,  south  to  Texas.    Another  spedes  ranges  (ram  Kmtudiy 


115  (117)  Outer  gills  only  serving  as  marsupia.  Shell  alike  in  both  sexes; 
triangular  to  rhomboid,  usually  with  a  prominent  umbonal 
region;  beaks  at  or  near  the  anterior  end;  beak  cavities  shal- 
low; hinge  complete;  surface  smooth,  brown  to  yellow, 
usually  not  very  dark,  frequently  rayed. 

PUurobema  Rafinesque  .   .     116 


This  is  *  Urge  group,  of  whicfa 
more  than  seventy  spedes  are 
known.  With  the  exception  of  a 
few  spedea  found  in  the  Ohio  and 
Mississippi  drainage,  it  is  con&ned 
to  the  streams  of  the  Southeutem 
States  from  Tf  nnes^ee  and  Georgia 
to  the  Mis^ssippi.  The  shells  of 
this  genus  are  easily  distinguished 
from  the  Quadmlae,  which  they 
<^ten  resemble  by  the  unifomUy 


TypeT?. 
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Shell  large,  irregularly  oval,  inflated;  surface  with  a  Dumber  of 
large,  scattered  tubercles.  Seaion  Plelhobaius  SimpeoD. 

iUng  the  Ohio  and  Tcnnesm  dnuni^  utma. 
X  1),  dtcnda  west  into  MuaDuriukdMinnesoU. 


117  (108)    Outer  gills  only  serving  as  marsupia.    Shell  alike  in  both  sexes; 

ovate  to  elongate,  rounded  in  front,  pointed  or  biaiigulate 
behind;  beaks  nearer  to  the  middle  than  to  the  anterior  end; 
hinge  complete;  surface  usually  smooth,  dark  brown  to  black, 
often  indistinctly  rayed [^nio  Retziua  .    .     118 

118  (119,  110)     Shell  elongated,  rhomboid  or  oval,  more  or  less  biangulated 

behind;  surface  smooth  or  feebly  corrugated;  beak  sculpture 
consisting  of  a  few  rather  strong  ridges,  which  are  nearly 
parallel  to  the  growth  lines  or  slightly  double-looped. 

Section  EUipHo  Rafinesque. 

The  tyidcal  «ection  of  thii  genus  is  restricted  to  the  Old  World.  The  BectioQ  Miplio  is  the 
largest  group  of  Unionidae  repreaenled  in  our  (buhs.  Mure  than  ninety  spedesarereoignited. 
The  metropolis  of  the  genus  19  in  the  Southeastern  States,  but  reprisenlativea  are  found  in  all 
of  the  Eastern,  Southern,  and  Central  Slates.      Type,  Unto  CTaisidtm  Lam.  (Fig.  14S9;  X  i). 
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119(118,120)     Shell  spiiKtse Section  CanHtyria  Svainaon. 


The  lypicBl  and  only  spedet, 
I/hw  ipinesus  Lea  (Fig.  1490: 
X  I),  ii  confined  to  the  Altanuha 
Kiver,  Geoigia.  and  ia  one  of  tbe 
most  remarkable  Unite  known. 
In   the  extraordinary  develop- 


I30  (118, 119)    Shell  smooth;  beaks  sculptured  with  concentric  ridges. 

Section  Uniomerus  Conrad. 


The  typical  spedes.  Unio  Itlraiasmui 
Say  (Fig.  149 1 :  XI),  has  a  wide  ran^ 
fiom  Ohio  Bouth  to  AlabBciB  and  Texaa. 
A  few  other  spedes  are  found  in  Georgia 
and  Florida. 


131  (107,  140)  Marsupium  formed  by  the  entire  outer  gills,  distending  trans- 
versely, when  charged;  water  tubes  in  the  gravid  female 
divided  longitudinaUy  into  three  tubes,  of  which  only  the 
center  one  is  used  as  an  ovisac.  Hinge  rarely  complete,  the 
laterak  or  both  the  pseudocardinals  and  laterab  being  often 
entirely  wanting;  sexual  differences  in  the  shell  very  rarely 
present Subfamily  Anodonttnae  .    .     ijj 

Eleven  genen:  1:1,  i:j,  114,  115,  116,  137.  138,  [3g,  130,  in,  139. 

123  (123)  Hinge  with  lateral  teeth  wanting  and  only  rudimentary  pseudo- 
cardinals;  beak  sculpture  consisting  of  a  few  strong,  con- 
centric ridges.  Ovisac  of  each  water  tube  subdivided  into 
a  number  of  compartments  running  crosswise  to  the  gill. 

Slropkilus  Rafinesque. 


Only  a  few  speides  are  known,  most 
of  them  coming  from  the  Southeaat- 
eiD  Slates.  The  species  figured,  S. 
edcnlului  bay  (Fig.  149:;  XI},  has  a 
wide  range  from  New  England  to 
North  Carolina  and  west  to  Minne- 
■ota  and  Tennessee. 
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133  (114)  Shell  thin;  hinge  edentulous;  beak  sculpture  consbting  of  several 
more  or  less  doubly-looped  parallel  ridges,  often  riightly  nod- 
ulous on  the  loops. Atuxtonia  Lamarck. 

lliil  Bcniu  is  the  only  one  of  tbe  North  American  NaUdes  that  has  a  geoeral  diiuibutioa 

from  tile  Atlantic  to  tbe  PadGc.    Numerous  vedes  are  [etngnjied.    They  are  eaaly  dUtin- 

guiibed  by  the  edentulous  hioge  and  double  loop  of  the  beak  sculpture.    Example,  A.  transit 

Say(Fig.  i4M:XI). 


134  (135)  Shell  smooth,  elongated,  rather  thin,  inequilateral,  compressed; 
epideimis  shming,  often  rayed;  a  single,  imperfect  pseudo- 
cardinal  in  each  valve  and  sometimes  vestiges  of  laterals. 

Lastena  Rafinesque. 


Only  a  sioglc  apedes  is 
known.  L.  lata  Raf.  (Fig. 
■494:  X  ll.  and  is  found  in  the 
Oluu,  Cumberland,  and  Ten- 


[36)  Shell  smooth,  elongated,  sub  triangular,  with  usually  a  high,  sharp 
posterior  ridge;  hinge  with  a  rudimentary  pseudocardinal 
and  lateral  in  each  valve Gonidea  Coiuad. 

This  genus,  represented 
by  a  single  spedea,  G.  tm- 
(wofa  Lea  (Fig.  1495:  Xi), 

asusuaUy  found,  is  renun- 
able  for  the  sharp  posteiioT 
ridge  and  more  or  less 
fiattened  posterior  region. 
It  is  a  characteristic  west 
coast  spcda  and  ranges 
from  central  California 
north  to  British  Columbia, 
and  east  to  Idaho. 
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136  (137)    Shell  smooth,  elliptical;  hinge  edentulous;  beak  sculpture  consisting 
of  a  few  fine,  concentric  ridges.  .   .     Anodontoides  Simpson. 


The  type,  A .  ftnunuiana 
Lea  (Fig,   1496;.  Xl),  is_of 


geoerBldi; 

Lawrence,  Ohio,  and  Mis- 
sissipfu  drBimwc  areas.  The 
concentric  uudulalions  of  the 
beak*  are  characteristic. 


Shell  small,  solid,  thick  in  front,  with  two  radial  ridges  extending 
from  the  beaks  to  the  biangulated  posterior  end.  Pseudo- 
cardinals  solid;  laterals  wanting Pegias  Simpson. 


128  (139)  Shell  large,  inflated,  subrhomboidal,  with  two  radiating  rows  of 
knobs;  beak  sculpture  coarse,  continuous  with  that  of  the 
surface  which  consists  of  oblique  folds  and  wrinkles;  pseudo- 
cardinals  large;  kterab  short  and  blurred. 

Arddens  Simpson. 

The  typical  and  only  ^iede9,,i4.  canfragasa  Say  (Fig,  1408;  X  I),  is  Oomnion  throughout  the 
Ohio  and  Mississippi  drainage  systems  and  southwest  to  Texas. 
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139  (130)  SbeH  large,  solid,  inflated,  subrotund;  beak  sculpture  weak,  not 
continuous  with  the  aurface  sculpture,  which  consists  of 
oblique  folds;  hinge  strong  and  complete. 

Arkansia  Ortmann  and  Walker. 

S'lTtbe^'Siw.XiuddptiiarAi^  " 


130  I134)    Shellelliptic-rhonibdd,compies5ed;paeudocaidinalsweIldeveloped; 

laterals  more  or  less  imperfect  or  subobsolete. 

Symphynotalxa,  .   .     131 

131  (133, 133)     Shell  smooth,  shining,  rayed;  teeth  delicate;  laterals  moderately 

developed Subgenus  Symphynola  s.s. 

Tlietype,5.aH)ifra>iaLe><FiK.  ijaa;  x  t),  is  one  of  the  conunoD  spedcs  of  the  Northern  Suta, 
nnginc  from  New  York  west  to  Nebnski.  and  aouth  to  Arkaoiu.  Several  otbei  speata  are 
found  in  the  Atlantic  drainage  from  New  Vark  to  South  Carolina  and  in  caMon  Tamesaee  and 
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133  (13I1  ^33)     S)^  subrhomboid,  compressed,  posterior  slope  corrugated; 
lateral  teeth  subobsolete.     Subgenus  Lasmigona  Rafinesque. 

,  ii  common  in  the  St. 


133  (i3><  133)    Shell  large,  ovate-rhomboid,  subcompressed,  smooth;  hinge 
very  h^vy;  lateral  teeth  imperfectly  developed. 

Subgenus  Pkroiygna  RafinesqUe. 


134  (139)  Shell  rhomboidal,  inflated,  with  a  well-devebped  posterior  ridge; 
pseudocardinals  w^  developed;  laterals  subobsolete  or 
wanting Alatmidotila  Say  .   .     135 

Foot  subgencis:  ijj,  136,  137,  138. 
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135  (136)  Shell  ovate-iiiomboid,  solid,  inflated;  beak  sculpture  very  coarse 
and  heavy;  pseudocaidioals  large,  solid;  laterals  very  im- 
perfect or  wanting Subgenus  Altumidonta  s.s. 


The  type  vid  onl^  ipedea,  A .  amdidaia 
Say  (Fig.  isay,  x  I),  is  a  chancUriitic  ibell 
of  the  Atltatic  sUtea  south  to  Noith  Ouo- 
linA.  but  is  not  found  mat  of  centnl  New 
Votk. 


136  (137)    SlieUsmall,deddedlyrhomboid;beak3culptureslightlycornigated; 

teeth  comprewed Subgenus  Pressodon  SiinpsoQ. 

The  typiod  mats,  AlanKidoHla  a^tttla  Lea  (Fig.  1504). 
hat  a  wide  diitribution  through  the  Nottbetn  States  from  the 
Mississipcu  eastwanl.  Several  other  qtedes  occur  in  the 
Atlantic  and  Southeailern  States.  One  species,  A.  allina 
Con.,  ia  remarkable  for  having  one  or  more  imall  qines 
near  the  center  of  each  valve. 


137  (138)     Shell  elongated,  rhomboid,  inflated,  posterior  slope  slightly  coini- 
gated;  pseudocardinab  imperfect;  laterab  wanting. 

Subgenus  Rugifera  Simpson. 
The  type,  AlasmidoHla  martinala  Say  [Fig,  ijoj),  ranges  from  New  York  and  South  Caro- 
lina west  to  the  Mississippi  Valley.    Another  spedcs  is  found  only  in  the  Teooesaee  and  Cum- 
berland rivet  systems. 
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138  (135)  Shell  thin,  tiiangukr,  greatly  inSated,  with  a  high,  sharp  posterior 
ridge;  pseudocardinals  compressed,  lefleied;  laterals  want- 
ing.    Subgenus  Buildla  Simpson. 

._-. , , — ,  , 17  rnieriea  (nund  i 

1>pe,  Alasmionta  arcula  Lea  (Fig.  1506;  > 


139  ilia)  Shell  small,  thin,  elongate-elliptical;  beak  sculpture  consisting  of 
fine  parallel  ridges,  looped  up  in  the  middle;  a  high,  irregiQar, 
compressed  pseudocardinal  in  each  valve;  laterals  nearly 
or  quite  lacking HemilasUna  Agassiz. 


The  type  u>d  onty  spedes.  B.  mibipia  Siy 
(Fig.  i507).i>ccuT9  JD  the  Obio  river  system, 
TBDging  Dorth  to  Micfaigui,  weat  to  Iowa, 

south  to  Acluuisas,  and  ei  '  '    '" 


140  (107,  i3i)  Marsupium  formed  from  the  outer  gill  alone  and  usually  from 
the  posterior  portion  only;  edge  of  marsupium,  when  charged, 
distending  and  bulging  out  beyond  the  original  edge  of  the 
gill;  water  tubes  simple  in  the  gravid  female.  Hinge  com- 
plete; male  and  female  shells  usually  quite  diSetent. 

Subfamily  Laufsilinas  .   .     141 
Twdvegcnen;  141, 146, 151, 151, 153, 156,  ijg,  160, 161, 161, 163, 164. 
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141  (146)  Male  and  female  shells  different;  female  shell  with  a  decided  infla- 
tion in  the  post-basal  region,  which  is  thinner  than  the  rest 
of  the  shell,  of  different  texture,  often  toothed,  and  usually 
Tadiatety  sculptured;  hinge  complete;  marsupium  occupying 
the  posterior  part  of  the  gill  only. 

Trundlla  Rafinesque  .  .     142 
Four  lubeenera:  141,  143,  144,  145. 


142  (143)    Male  shell  smooth,  no  radial  groove  in  front  of  the  posterior  ridge. 

Female  with  a  high  posterior  ridge,  posterior  slope  flattennl. 

Subgenus  TruncUia  s.s. 


143  (144)    Male  shell  with  a  wide,  radiating,  shallow  depression  in  front  of  the 
posterior  ridge.    Female  with  a  small,  rounded,  welMefined 

radial  post-basal  swelling.  .    .  Subgenus  Scalenaria  Agas^. 

...  ,   „     — ., — ease*  Riva-  north  to 

•outhem  Michigao.    Two  other  apedi 
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4  (145)  Male  shell  vith  a  posterior  and  central  radladng  ridge  with  a 
furrow  between.  Female  with  a  greatly  produced  inflation 
a  little  behind  the  center  of  the  base. 

Subgenus  Dysnomia  Agasaiz. 

\  lod  is  repraented  by  Ihcce  Bpedel 
',  TnauiUa  fMala  Hild.  (Fig.  1510; 


145  (142)  Male  shell  with  a  wide,  shallow,  radiating  depres^on  ui  front  of 
the  posterior  ridge.  Female  with  a  rounded,  foliaceous 
swelling  at  the  posterior  base.    .    .    Subgenus  Ft^  Simpson. 

^  IS  north  to  soutbeni  Michigan 

.    Type,  TrantiUa  persanala  Lea  (Fig.  1511). 


146  (151)  Male  and  female  shell  different.  Shell  ovate  to'  elliptical,  smooth; 
hinge  complete.  Fenule  shell  more  or  less  expanded  in 
the  post-basal  region,  but  the  expansion  does  not  difier  in 
teztiure  from  the  rest  of  the  shell.  Marsupium  occupying 
the  posterior  part  of  the  outer  gill. 

LampsUis  Rafinesque  .    .     147 
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147  Uso)    Beak  sculpture  consisting  of  coarse  parallel  ridges,  scarcely  looped 
or  fine  and  doubly  looped. 

Subgenus  Lampsilis  s.s.  .    .     14S 


148  {149)  Shell  often  very  large,  usually  rather  thin,  inflated,  shining,  fre- 
quently rayed.  Beak  sculpture  counting  of  coarse  parallel 
ridges,  scarcely  looped Section  Lampsilit  s.s. 
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14Q  (148)     Shell  oval  to  oblong;  beak  sculpture  consisting  of  fine,  doubly 
looped  ridges Section  Eurynia  Rafinesque. 


150  (147)  Shell  small,  inflated,'  oval  to  obovate;  male  usually  more  or  less 
pointed  posteriorly;  female  truncated  obliquely  on  the  post- 
base;  beak  sculpture  consisting  of  rather  strong  concentric 
ridges Subgenus  CaruttcvJina  Simpson. 

A  well-maiked  group  of  imall,  da^-colored  spedes  easQy  distioguiahed  by  the  peculiar  beak 
Kulpture.  Most  of  the  apedes  ace  canfiaed  to  the  Southern  States  Irom  Geoisia  to  Teraa.  but 
two  or  three  ruiEe  north  to  Illinois  and  aouthem  Michigan.  Type,  JLampiilii  feiojciuii  Lea 
(Pig.  1514;  X  I). 
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151  (151)  Male  and  female  shells  alike.  Whole  outer  gill  serving  as  marsu- 
pium,  its  edge  thrown  into  a  number  of  folds.  Shell  elon- 
gate-triangular, solid  and  thick;  hinge  complete;  hinge  plate 

wide  and  fiat Ptyckobranchus  SimpsoD, 

Tbc  typical  spedes,  P.phaieiilui  Hild.  (Fig.  151 5;  X  1),  U  tommoo,  raagiDg  liom  Uidiisaii 

■outh  to  Akbama  and  LouisUoa.    Five  other  spedea  are  known,  four  in  Alabama  and  <»k  in 


151  (153)  Male  and  female  shells  aUke.  Marsupium  occupying  nearly  the 
whole  of  the  outer  pU  and,  when  fully  developed,  folded. 
Shell  solid,  round-triangular;  hinge  complete;  hinge  plate 
wide  and  flat;  surface  sculptured  by  irregular  ridges  and 
humps,  painted  with  imduJating,  radiating,  broken  hair- 
lines or  maculations Dromus  Simpson. 


Onlyti 


a(Fig.  . 


Fta.i]i6. 

153  (156)  Male  and  female  shells  different,  the  latter  being  slightly  inflated 
in  the  post-basal  region.  Shell  short  oval,  rounded,  or  retuae, 
Marsupium  occupying  the  posterior  portion  of  the  outer 
^lls  and  projecting  far  below  the  rest  of  the  branchiae, 
dolabriformorkidn^-shaped.   Obraoria  Rafioeaque  .   .   154 
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154  USS)    Sb^  retrorse  to  short  oval;  beaks  high  and  central. 

Subgenus  Obovaria  sa. 

A  small  group  of  spedes  mostly  found  in  the  Southeni  States  from  Alabama  to  Arkuuu. 
The  type,  O.  rttuia  Lam.  (Fig.  1517).  occurs  in  tbe  Ohio,  Tennessee,  and  Cumberluid  system^ 
and  anotber  spedes  ranges  north  to  Muthem  Michigan. 


^55  ('S4)     Shell  elliptical;  beaks  anterior.  .   .     Subgenus  Pje«iiM»  Simpson, 

Two  specks  only.  The  type,  Oinioria  cUipsii  Lea  (Fis-  isiS;  XI),  ranges  from  the  upper 
Hisd^iqM  and  kmer  Great  Lakes  south  to  Tennessee  and  Arkaiuaa.  The  other  is  found  bom 
Arkansas  to  T^^^ffl^*n'*  and  east  to  Alabama- 


i5<i  (159)  Male  and  female  shells  difiereni,  the  latter  being  more  or  less 
inflated  in  the  post-basal  region.  Shell  triangular  ovate, 
with  a  distinct,  often  sharp  posterior  ridge;  hinge  complete. 
Marsupium  kidney -shaped,  occupying  the  posterior  portion 
of  the  outer  gills,  but  not  extending  quite  to  the  hinder  end. 
Plagiola  Agassiz  .  .     157 
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IS7  (15S)     Hinge  heavy  and  strong;  hinge  plate  wide  and  flat. 

Subgenus  Pianola  s.s. 


158  (157)    Hinge  deUcate;  hinge  plate  nanow. 

Subgenus  Antygdaionauu  Crosse  and  Fischer. 


A  group  of  only  tbiee  spi 
ized  ^  tbe  ihaip  posterior  riugc  uiu  anu»- 
ahaped  pattern  of  the  epjdennis.  Two  of 
them  occupy  the  Misnsa^  dnmve.  ei- 
tending  iolo  souiheni  Midiigui  and  wuth  to 
Akbama  and  Texas.  The  third  is  peculiar 
to  Texas.  Eumple,  Piapala  dtgatu  Les 
(Fig.  isJo;  X  I). 


159  (160)  Male  and  female  sbeUs  alike;  oval-solid,  inflated,  with  a  row  oC 
large  knobs  running  from  the  beaks  to  the  center  of  the 
base;  hinge  complete.  Marsupium  con^sting  of  a  few  dis- 
tinctly marked  ovisacs  situated  just  behind  the  center  of  the 
outer  gill  aitd  projecting  far  below  the  rest  of  the  branchiae. 
OWjHoria  Rafioesque. 


The  tyi»cal  and  only  apedes,  O.  rtftx» 
Raf.  (Fi£.  till),  raniei  from  Midkigaa 
south  to  Alabaioa  and  Texas. 
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160  (161)  Male  and  female  shells  alike;  very  thickandsolid,lnflated,rounded- 
triangular;  surface  nodular,  radiately  wrinkled,  or  lachry- 
mous;  epidermis  painted  with  delicate  green  molding  on  a 
light  ground.  Marsupium  consbting  of  several  long  purple 
ovisacs  pendent  from  near  the  central  base  of  the  outer 
gills  and  formed  into  a  close  coil  with  the  ends  turned  innard. 
Cy progenia  Agassiz, 

The  typical  spedes,  C.  imtaia  Le«  {Fig.  ISJ2),  i 
TennesKe  river  aystems.  One  other  spedea  occurs  L 
Mtssauii  to  OkUhoma. 


161  (itiz)     Male  and  female  shells  different,  that  of  the  latter  being  slightly 

swollen  behind  the  middle  of  the  base.  Shell  rather  small, 
elongated,  dorsal  slope  plicately  or  nodulously  wrinkled; 
hinge  complete.  Marsupium  occupyiog  the  central  portion 
of  the  outer  gill Medionidui  Simpson. 
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i6i  (163)  Male  and  female  shells  much  alike,  but  the  latter  is  usually  some- 
what  inflated  in  the  post-basal  region.  Shell  large,  ovate, 
usually  rather  thin,  but  in  some  species  quite  solid,  gaping 
at  the  anterior  edge  and  on  the  dorsal  slope;  normally  winged 
on  the  dorsal  slope,  but  the  wing  is  often  lost  in  the  adult; 
hinge  complete.  Marsu^num  occupying  the  posterior  portion 
of  die  outer  gills.  Glochidia  celt-sloped,  with  two  spines  on 
each  valve  and  with  gaping  margins  .  .  Pro^iera  Rafinesque. 
Tbia  croup  ii  well  dwrBcteriEcd  by  the  luge,  usually  thin  ihell,  which  ia  cnore  or  leu  alitc  in 

the  domJ  ngioa.     It  occurs  throughout  the  St.  Lawrence  and  MiiaiasippI  tyitcmi  sod  eiteads 

south  to  Texu  and  Alabuiu.    Type,  P.  alata  Say  (Fij.  1514;  x  I}. 
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163  (164)  Male  and  female  shells  not  greatly  different,  the  latter  being  some- 
what more  inflated  and  expanded  in  the  post-basal  region. 
Shell  thin,  nitber  compressed,  and  ninged  on  the  dorsal 
slope;  hinge  complete,  but  the  pseudocardinals  are  reduced 
to  mere  tubercles  often  aearly  wanting.  Maraupium  as 
in  Proptera.  Glocbidia  semicircular,  very  small,  without 
^ines Parapiera  Ortmano. 

This  genus  in  ibeO  characters  is  very  like  the  precedioK,  but  has  been  separated  on  account 
of  the  great  diflerence  in  the  shape  of  the  glochldia.  The  type,  and  only  spedes  yet  Imoini  to 
bdong  to  It,  P.  graalU  Bur.  (Fig.  153J;  X  J),  has  a  wide  range  from  the  Great  Lakes  wuth  to 
Alabama  aod  west  to  the  Mis^uiKH  Valle;. 


164  (141)     Male  and  female  shells  diSerent,  the  latter  being  swollen  in  the 

post'basal  region.     Marsupial  characteis  unknown.     Shell 

short-elliptical,  solid,  much  inflated;  pseudocardinals  divided 

into   irregularly  radiating,  granular  laminae;    hinge   plate 

reduced  to  a  mere  rounded  line  behind  the  pseudocardinals. 

Glebula  Conrad. 

om  Florida  to  eastern 

„       .       .  .  s  peculiar  hinge,  little  ia  known  ot  its 

anatomical  chancten  and  futtbet  iolonnatioii  is  greatly  to  be  desired,  especially  in  tegud  ta 

the  gravid  female. 
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165  (104)    Interior  of  shell  non-nacreous  or  porcellanous,  or  the  whole  shell 

of  a  prevailing  prismatic  substance 166 

Five  luulio:  166,  167,  168,  173,  174. 

166  (167)    Shell  of  a  prevailing  prismatic;  substance,  mytiliform,  veiy  in- 

equilateral; beaks  compressed,  terminal;  ligament  submter- 
nal;  anterior  adductor  and  pedal  protractor  muscles  inserted 
on  a  septum  in  the  beak.     Bysaiferous. 

Family  Dbeissensitoae  . 
Only  one  genus.     Congeria  Paitsch. 

T  fiuni  by  ti 

.._.., _-ig.     -        ■- 

a>ut  from  MuyUod  tc 


Uacapkatala^Caa.  (Fig.  "S*7r  Xi), found  0 


r67  (168)  Shell  porcellaDOus,  subtrigonal,  thick,  and  solid;  ligament  external; 
hinge  with  true  cardinal  teeth  and  with  botJi  anterior  aad 
posterior  laterals;  paUial  line  with  a  distinct  sinus. 

Family  Cysehidae. 
Only  a  sin^e  genus Cyrena  Lamarck. 


Rcprcsenled  in  our  (resh-water  fftUns  by  m  Hogle  specter  C 
curiWttKiuii  Bosc  (Fie- 1518),  found  !n  Mreanu  uid  bndusb  wktei 
near  the  coast  fnun  South  Cuolina  to  Teua. 


168(173)  Shell  non-nacreous,  usually  small  and  thin;  hinge  with  cardinal  and 
both  anterior  and  posterior  lateral  teeth;  no  hinge  plate; 
pallial  line  ^mple.     .    .    .     FamUy  SPHAEKnoAE    .    .     169 

169  (170)  Shell  oval,  equilateral;  beaks  nearly  subcentral;  nq>eonic  valves 
not  distinctly  separated  from  the  subsequent  growth  of  the 
shell;  cardinal  teeth  two  in  each  valve.  .  SphaeriumScapdti. 


the  thicker,  striate  sheU  and  aoacalyculate     

The  tpedei  are  numeroui  and  of  general  diatributiaD. 
'e,  S.  limiit  Say  <«g.  is  19;  X  i|). 
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170  (171)  Shdl  thin  and  delicate,  suborbiculai  to  oblong;  beaks  prominent, 
usually  retaining  the  nepeonic  valves;  cardinal  teeth  minute, 
often  obsolete;  anterior  and  posterior  laterals  present. 

Muictdium  Link. 


e  the  distinctive  future,  but  in 
The  thin,  rounded,  poliihcd  •hell  It. 
'   S«r  <Fi«. 


171  (172)    Shell  subrbomboidal,  thin,  moderately  inflated,  with  the  posterior 
side  longer;  cardinal  teeth  feeble,  only  one  in  each  valve. 

Eupera  Bourguignat. 

A  tropical  gronp,  of  which  t«o  or  three  medcs  occur  in  Florid*,  Ala- 
bama, iiid  Texas.  The  rbomboidal  shape  a  characteristic  The  iheUs 
appear  to  be  mottled  and  are  usually  30  described,  but  aca>rding  to 
Dr.  W.  H.  Dall  these  "nots"  are  caused  by  a  puasitic  infusorian  that 
attacks  the  interior  of  the  sheU.  Enmple,  £.  jwiffeyt  Fils.(rw.  isji; 
X3). 


173  (169)  Sbdl  small,  rounded,  oval,  or  obliquely  ctmeiform.  Inequilateral, 
anterior  ude  longer;  beaks  aubterminal;  cardinal  teeth 
double  in  each  valve Pistdium  C.  Pfeiffer. 


173  (174)  Shell  roimded,  inflated,  thin;  beaks  forward;  surface  smooth  or 
slightly  concentrically  sculptured;  cardinal  teeth,  two  in 
the  right  and  one  in  the  left  valve;  no  lateral  teeth. 

Family  Cyreneludas. 
Only  one  genus Cyrendla  Deshayes. 


ented  in  oui  fauna  by  a  single  species,  C.  fioridana  Uall  (ng. 
D.Irom  Florida.    It  is  easily  disdnsuished  by  the  lacli  of  latent 
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174  (166)  Shell  thick,  oval,  subtrigonal,  ventricose,  smooth;  beaks  prominent; 
ligament  inclosed  in  a  pit  and  invisible  externally;  hinge 
with  cardinal  and  both  anterior  and  posterior  lateral  teeth; 

pallial  line  sinuous Family  Rangiidae. 

Only  one  genus Rangia  Des  Moulins. 


The  t™c«l  iptaa,  R.  amejSa  Gray  (Fig.  1534; 
X  M,  is  lound  iii  gnat  abunduice  id  the  bnckidi 
mtenof  the  Gulf  cout  froni  Akbuu  to  Mexico. 
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THE  AQUATIC  VERTEBRATES 

By  C.  H.  EIGENMANN 
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Dn:RODUCTORY 

The  chief  object  in  the  life  of  any  animal  is  to  leave  another 
like  it  in  its  place  when  it  dies.  To  accomptish  this  object  it  must 
find  a  range  in  which  it  may  secure  its  food  and  itself  escape  be- 
coming food;  it  must  secure  a  mate  and  a  home  in  wliich  its  young 
may  be  reared  to  the  point  of  self-dependence.  The  world  con- 
tains a  great  variety  of  animah  adapted  to  all  possible  environ- 
ments. Either  the  greatly  diverse  characters  of  these  animals 
have  arisen  to  adapt  them  to  their  different  ranges  and  homes,  or 
the  greatly  diverse  environments  have  been  selected  because  they 
were  adapted  to  the  otherwise  and  elsewhere  acquired  characters 
of  different  animals.  Certainly  when  new  water  or  land  areas  arise 
the  latter  will  be  the  origin  of  its  adopted  fauna. 

The  vast  territory  containing  the  majority  of  the  innumerable 
lakes  and  streams  with  whose  fauna  and  flora  we  are  concerned, 
extending  from  the  Arctic  regions  south  to  the  region  of  the  Ohio 
River,  was  a  few  thousand  years  ago  covered  with  a  continuous 
sheet  of  ice.  Tlie  fauna  and  flora  of  this  area  are  composed 
of  immigrants,  of  animals  and  plants  that  moved  in  as  the  ice 
moved  out  and  selected  the  places  adapted  to  their  requirements. 
While  no  doubt  many  of  them  have  become  modified  since  their 
advent  into  this  area,  there  can  be  no  doubt  that  their  fundamental 
adaptations  were  elsewhere  acquired  and  that  in  their  case  it  has 
been  a  selection  of  environments  to  suit  these  adaptations. 

Fresh  waters  may  be  and  are  used  first,  for  ranges;  second,  for 
homes;  or  third,  for  both  purposes  by  various  animals.  One  finds 
animals  which  breed  on  land  but  are  adapted  to  utilize  fresh  waters 
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daily  or  seasonally  for  ranges;  others  that  range  on  land  but  viat 
the  water  during  breeding  seasons  to  make  therein  their  homes  and 
to  enable  their  young  to  grow  up  in  it.  Still  other  animals  utilize 
fresh  waters  both  as  a  range  and  a  home,  —  rarely,  or  never,  leave 
it  or  even  are  incapable  of  leaving  it.  Roughly  speaking,  mam- 
mals, birds,  and  reptiles,  in  so  far  as  they  are  aquatic,  belong  to 
the  first  of  this  ecological  group.  Batrachians  belong  to  the  sec- 
ond, a  few  batrachians  and  all  fishes  to  the  third. 

The  first  of  these  groups  is  composed  of  more  or  less  perfect 
readaptations  of  land  animals  to  water.  Hie  second  is  composed 
of  originally  aquatic  animals  as  yet  imperfectly  adapted  to  the 
land,  while  the  members  of  the  third  group  are,  and  at  all  times 
have  been,  the  aquaUc  animals  par  excellence.  While  the  visitors 
or  inhabitants  of  fresh  water  may  be  sharply  distinguished  from 
the  non-aquatic,  the  relations  and  adaptations  of  aquatic  animals 
to  the  different  regions  of  the  water  are  very  diverse. 

Mammals 

The  aquatic  mammals  are  but  imperfectly  adjusted  to  some 
part  of  the  aquatic  habitat  and  confine  themselves  to  shallow 
water  and  the  shore.  None  of  them  could  live  in  an  enclosed  space 
filled  with  water.  The  number  of  truly  aquatic  mammals  is  small. 
Most  mammals  only  visit  the  water  to  drink.  Others,  as  the  moose, 
seek  the  water  to  browse  on  the  mar^nal  vegetation  or  to  escape 
enemies.  Others  less  inclined  to  enter  water  secure  part  of  their 
food  from  it.  The  raccoon  fishes  along  the  margins  of  streams 
for  crayfishes.  A  dexterous  tomcat,  proverbially  wary  of  wetting 
his  feet,  one  memorable  night  neatly  cleaned  out  two  aquaria,  one 
stocked  with  rare  blind  fishes  and  one  with  still  rarer  azolotls. 
None  of  the  above  dive. 

The  mink  secures  most  of  its  food  on  land  but  it  catches  both 
fishes  and  muskrats  in  the  water  into  which  it  does  not  he^tate 
to  dive  to  escape  an  enemy  or  to  secure  food. 

The  more  distinctly  aquatic  mammals  are  the  star-nosed  mole, 
the  muskrat,  the  beaver,  and  the  otter.  AH  of  these  use  the  water 
as  a  range,  making  their  homes  in  very  close  proximity  to  the 
water  if  not  actually  in  it.    Of  these  the  otter  is  a  carnivore,  the 
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rest  plant  feeders,  though  sometimes  eating  animal  food.  They 
have  been  so  reduced  in  numbers,  — in  some  places  entirely  exter- 
minated, —  that  they  have  become  almost  a  negligible  part  of  the 
aquatic  vertebrate  fauna.  Only  the  muskrat  must  be  considered 
as  an  ecolo^cal  element  in  all  eastern  fresh  waters. 

The  muskrat  is  abundant  along  most  of  the  eastern  streams  and 
lakes.  It  is  a  shallow-water  animal  and  affects  its  environment  in 
a  specific  way.  It  builds  lodges  of  sod  and  cat-tail  stalks,  twigs 
and  vegetable  debris.  It  gathers  lily  roots,  on  which  it  feeds,  but 
its  most  specific  action  is  on  various  mussels.  The  muskrat  lodge 
is  always  surrounded  by  shells  of  dead  bivalves,  and  at  Winona 
Lake  it  has  heea  found  by  Headlee  that  the  muskrat  sets  a  bound- 
ary to  the  shoreward  migration  of  mussels  as  the  soft  bottom  of 
the  pelade  area  sets  a  Umit  to  their  migration  toward  deep  water. 
The  activities  of  the  muskrat  are  more  restricted  in  winter  than  in 
summer,  but  they  do  not  hibernate. 

Beavers  have  disappeared  from  thickly-settled  regions.  They 
are,  in  some  of  their  habits,  larger  editions  of  the  muskrat.  They 
build  lodges  not  unlike  those  of  the  muskrat.  They  cut  and 
gather  twigs  and  stems  for  food  but  the  action  for  which  beavers 
are  conspicuous,  is  the  building  of  dams,  and  creating  of  ponds. 
They  thus' add  to  the  extent  of  the  aquatic  enviroimient. 

The  seal-like  otter  b  no  longer  a  part  of  the  aquatic  environment 
in  well  settled  parts  of  America.  They  are  the  most  aquatic  of 
the  fresh-water  mammals.  As  swimmers,  they  are  more  expert  than 
fishes,  which  they  catch  and  eat.  They  also  prey  upon  muskrats 
and  aquatic  birds. 

Of  the  star-nosed  mole.  Stone  says:  "The  star-nosed  mole  is  a 
creature  almost  as  well  fitted  for  a  partially  aquatic  life  as  the 
otter  and  mink,  and,  as  a  matter  of  fact,  does  pass  most  of  its  time 
about  the  water;  pushing  extensive  tunnels  through  the  black, 
peaty  soil  of  swamps  and  along  the  borders  of  little  brooks  and 
ponds,  llie  soft,  black  loam  is  thrown  up  in  frequent  heaps  a 
foot,  more  or  less,  in  diameter;  the  opening  of  the  burrow  being 
under  the  bank,  and  as  often  beneath  the  water  as  above.  The 
tunnel  itself  must  frequently  be  flooded  to  the  great  discomfort 
of  its  inmates. 
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"But  the  old  ones  show  no  fear  of  the  water;  I  have  frequently 
seen  them  swimming  both  under  water  and  on  the  surface,  even 
where  the  current  was  pretty  strong,  and  have  always  observed 
them  to  be  perfectly  confident  and  unfrightened  at  such  times." 

Bntos 

In  cold  and  temperate  regions  birds  are  seasonal,  robbing,  visi- 
tors of  the  water.  Only  one-fourth  to  one-fiftb  of  our  entire  bird 
fauna  is  in  any  sense  aquatic' 

The  passerine  birds  are  dominant  now  and  of  this  group  none 
are  strictly  aquatic.  One  hundred  and  twenty-nine  of  the  215 
spedes  of  birds  of  Monroe  County,  Indiana,  are  passerine.  Of 
these  only  the  red-winged  blackbird,  the  six  species  of  swallows, 
the  water  thrushes,  and  the  long-billed  marsh  wren  are,  even  re- 
motely, related  to  the  water.  Taking  all  the  birds  that  range  in 
or  about  the  water  —  for  none  of  them  can  be  said  to  home  in  the 
water  —  one  finds  a  graduated  series,  from  those  more  to  those 
less  aquatic  in  their  habits.  More  than  this,  birds  show  the  most 
complete  series  of  adaptations  to  different  aquatic  zones. 

The  swallows  must,  by  courtesy,  be  mentioned  as  forming  the 
first  of  this  series  of  ecological  groups.  They  are  n^ver  found 
upon  or  in  the  water,  but  skim  over  its  surface,  occaaonally  just 
touching  it  in  their  search  for  food.  Mosquitoes  and  other  minute 
aquatic  insects  are  the  attraction  for  them  and  they  are,  therefore, 
very  definitely  related  to  the  aquatic  fauna.  They  remain  in  the 
latitude  of  the  Ohio  River  from  early  April  to  September. 

A  second  ecological  group  is  formed  by  the  kingfisher,  the  terns, 
gulls,  and  (for  fresh  waters  rarely)  the  peUcans.  The  kingfisher, 
from  his  perch  over  a  stream,  dives  into  the  water  beneath  him  for 
fishes.  He  is  largely  a  shore  fisher.  The  terns,  gulb,  and  pelicans 
dive  from  an  aerial  poise  into  the  pelade  re^on  of  the  lake  and 
sectu%  fishes  near  the  surface.  The  terns  and  gulls  also  alight  to 
pick  the  refuse  floating  on  the  surface  for  they  are  scavengers  as 

>  Out  ot  99  tnnb  observed  during  the  Bommct  about  ooe  of  the  Dorthern  Indiana 
Ukes,  19  are  more  or  less  related  to  the  water.  Out  of  ais  biids  observed  at  all 
Muou  of  tbe  yaa  about  Bloomingtoa,  Indiana,  55  are  rdated  to  the  waXa, 
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weD  as  robbers.  The  kingfisher  is  a  poor  swimmer,  but  the  terns, 
gulk,  and  pelicans  rest  gracefully  on  the  surface.  In  the  latitude 
of  the  Ohio  the  kingfisher  is  found  between  early  March  and  No- 
vember, rarely  even  in  December.  The  terns  migrate  to  the 
northern  lakes  in  summer  and  the  pelicans  are  but  stray  victors. 
The  terns,  gulls,  and  pehcans  have  certainly  acquired  the  adapta- 
tion to  the  water  at  the  ocean. 

The  third  ecological  group  is  formed  by  the  grebes  and  loons. 
They  are  pelagic  birds,  swimmers  par  excellence,  both  upon  the 
surface  and  in  the  water.  The  term  diving  ought  not  to  be  ap- 
plied to  the  performance  of  both  kingfisher  and  loon. 

The  fourth  ecological  group  is  formed  by  the  bottom-feeding 
ducks,  the  mudhen,  geese,  and  swans.  They  are  littoral  or  abys- 
mal forms  securing  their  food  in  the  mud  at  the  bottom,  largely 
about  the  margins  of  ponds  or  lakes  in  water  not  too  deep  to  pre- 
vent them  from  reaching  the  bottom  when  "tipping."  Many 
of  the  ducks  are  good  swimmers  under  water,  and  the  bay  and 
sea  ducks  are  said  to  reach  the  bottom  at  a  depth  of  100  to  150 
feet 

The  fifth  ecological  group  is  formed  by  the  herons,  cranes,  and 
bitterns,  lliese  range  in  much  the  same  zone  as  most  of  the  ducks, 
but  their  food,  for  the  most  part,  is  different.  They  stalk  cau- 
tiously, without  jerk  or  sudden  motion,  or  stand  in  water  of  a 
depth  not  too  great  for  their  long  legs.  Thdr  spearlike  bill  im- 
pales fish  or  frog. 

Tlie  sixth  and  last  of  the  ecological  groups  of  aquatic  forms  con- 
tains the  rails  and  snipes.  These  are  shore  birds,  wading  in  the 
shallowest  water  or  along  the  wet  shores,  frequently  moving  with 
the  advandng  and  retreating  waves,  picking  the  stranded  animals 
from  the  surface  or  probing  for  their  prey  in  the  soft  beaches. 

All  of  the  groups  except  the  first,  the  swallows,  nest  as  near  the 
water  as  possible.  Less  strictly  aquatic  are  the  swamp  black- 
bird and  long-tailed  marsh  wren  which  build  their  nests  in  cat  tails; 
likewise  the  song  and  marsh  sparrows,  so  abundant  along  margins 
of  stream  or  pond.  From  the  nature  of  the  case  the  waters  of 
northern  and  temperate  zones  are  a  closed  book  to  all  the  birds  in 
winter.    Hence,  birds  are  not  perennial  elements  of  the  aquatic 
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fauna.  Birds  derive  their  food  from  the  water.  The  few  that,  as 
caiiion,  serve  as  food  for  other  aquatic  animals  or  that  may  be 
c^tuied  by  fish,  otter,  or  alligator  are  a  negligible  quantity. 

Reptiles 

Reptiles,  like  mammals,  are  shallow-water  and  littoral  forms, 
largely  in  summer.  As  with  mammals,  a  gradual  gradation  is 
found  from  spedea  living  exclusively  on  land,  —  like  the  turtles  and 
snakes  of  the  Mojave  desert  or  the  land  tortoise  and  green  snakes 
of  the  Mississippi  valley,  —  through  those  which  do  not  ordinarily  go 
into  the  water  but  will  enter  it  without  hesitation  if  circumstances 
demand,  —  like  the  black  snake  and  garter  snake,  —  to  such  as  the 
water  snakes,  leather  snakes,  geographic  turtle,  painted  turtle, 
and  snapping  turtle  that  bask  on  the  margins  of  lakes  and  streams 
but  take  to  the  water  for  food  or  at  the  slightest  sign  of  danger; 
and  lastly,  to  the  alligators,  musk  turtles,  and  soft-shelled  turtles 
which  give  the  final  gradation  to  adaptations  for  life  in  water.  Of 
these,  the  soft-shelled  turtle,  which  can  utiUze  the  oxygen  dis- 
solved  in  the  water,  has  probably  reached  the  highest  adjustment 
to  aquatic  existence.  But  no  hard  and  fast  line  can  be  drawn. 
The  habits  of  different  species  overlap  so  neatly  that  one  finds  a 
shading  from  reptiles  with  a  purely  aquatic  range  to  those  with  an 
entirely  terrestrial  range.  All  of  them  have  their  homes  on  land 
in  so  fat  as  they  have  homes  at  all.  Some  secure  only  a  part, 
others  all  of  their  food  from  the  water.  Of  those  that  obtain  it 
from  the  water  some  feed  on  fishes  (piu:ely  aquatic  food);  others 
like  the  alligators,  which  catch  water  burds,  utilize  the  water  to 
secure  terrestrial  visitors  in  part.  Others  may  seek  both  sorts 
of  food.  Snakes  take  to  the  mai^  of  water  in  part  for  fishes, 
in  part  for  frogs,  etc. 

The  water  snakes  ^ve  birth  to  living  young.  Since  the  young 
may  be  liberated  in  the  water  these  snakes,  in  one  sense,  are  the 
most  aquatic  of  the  reptiles.  But  since  they  cannot  utilize  the 
oxygen  in  the  water  the  soft-shelled  turtles  exceed  them  in  adap- 
tation to  an  aquatic  existence  in  this  respect.  All  the  turtles,  as 
well  as  the  alligators,  are  compelled  to  make  their  homes  or  nests  on 
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land.  The  soft-shelled  turtks  usually  lay  their  eggs  In  sandy  beaches, 
sometimes  in  harder  banks  near  the  water.  The  painted  turtles 
and  snapping  turtles  dig  holes  more  remote  from  the  water's  edge. 
The  musk  turtles  lay  their  eggs  in  muck,  in  decaying  stumps  or 
logs,  or  accumulations  of  decaying  weeds  on  the  maigins  of  lakes. 

No  one  would  seriously  doubt  that  the  mammalian  and  rep- 
tilian faunas  of  fresh  waters  have  both  been  derived  from  terres- 
trial ancestors.  The  adjustment  to  water  conditions  consists  largely 
in  an  adaptation  of  the  hmbs  and  tail  to  swimming  and  diving. 
Both  are  organs  primarily  used  for  land  progression.  Further 
adulations  in  reptiles,  such  as  the  utilization  of  the  oxygen  in 
the  water  by  the  turtles,  are  much  more  rare,  and  found  only  in 
extreme  adaptations  to  an  aquatic  sojourn. 

Tlie  paths  of  turtles  may  readily  be  seen  among  fields  of  Chora 
in  shallow  water.  A  painted,  geographic,  or  a  musk  turtle  may 
be  seen  basking  in  the  sun  on  the  surface,  the  neck  curved  up,  the 
nose  out  of  water.  If  disturbed  it  dives  into  the  Ckara  and  soon 
disappears  in  one  of  its  innumerable  paths.  A  curious  conunen- 
salism  is  reported  between  the  soft-shelled  turtle  and  the  black 
bass.  The  bass  is  said  to  follow  the  turtle,  which,  nosing  about 
under  rocks  and  in  cramiies  scares  out  some  of  the  craj^hes  and 
other  denizens  of  such  places.  These  are  then  easily  captiu«d  by 
the  attending  black  bass.  ■  There  is  a  peculiar  correlation  between 
the  disposition  of  turtles  and  the  degree  of  their  armature .  The  soft- 
shelled  turtle  is  the  least  protected  by  bony  plates.  Next  in  order 
comes  the  snapping  turtle,  with  only  a  cross-shaped,  ventral  plate, 
most  of  the  ventral  surface  being  open  to  attack.  This  b  followed 
by  the  musk  turtle,  the  painted  and  the  geographic  turtle,  Bland- 
ing's  turtle  and  finally  the  box  turtle.  The  highest  degree  of  pro- 
tection is  found  in  the  terrestrial  box  turtle,  whose  plastron  is 
hinged  and  can  be  closed  in  front  and  behind.  Correlated  with 
the  defective  armature  in  the  soft-shelled  turtle  we  find  the  extreme 
of  pugnacity.  A  soft-shelled  turtle  will  snap  and  bite  on  suspicion 
from  the  time  it  is  half  way  out  of  its  shell.  The  disposition  of 
the  snapping  turtle,  with  exposed  ventral  surface,  is  proverbial. 
Tix  musk  turtle  will  bite,  as  anyone  who  has  collected  their  eggs 
can  testify.    On  the  other  hand,  the  well-protected  painted,  geo- 
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graphic,  and  Blanding's  turtles,  and  above  all,  tlie  terrestrial  and 
perfectly-aimored  box  turtle,  are  the  gentlest  of  creatures  which  no 
amount  of  provocation  will  induce  to  bite.  Although  the  correla- 
tion between  armature  and  disposition  is  very  striking  there  may- 
be no  causal  relation  between  the  two.  The  character  of  the  food 
may  be  the  cause  of  the  dispo^tion. 

Batrachians 

The  batrachians,  as  a  group,  are  aquatic  to  a  much  greater 
degree  than  the  mammals  or  reptiles.  In  North  America  they  are 
summer  and  especially  spring  members  of  the  aquatic  fauna. 
Some  of  them,  with  all  their  ancestry,  have  been  strictly  aquatic 
They  are  autochthons,  products  of  evolution  in  fresh  water.  Such 
aquatic  forms  have  gills  and  a  tail  throughout  life.  The  Siren  and 
the  mud  puppy,  of  deadly  repute,  belong  to  this  group  and  so  does 
the  blind  salamander  of  Texas.  Whereas  in  the  reptiles  and  the 
mammals  gradations  from  pure  terrestrials -to  less  or  more  aquatics 
have  been  noted,  in  the  batrachians  one  finds  gradations  from  the 
purely  aquatic  to  the  more  or  less  terrestrial,  and  none  have  reached 
the  possibility  of  hving  in  deserts  in  dry  places.  So  many  of  the 
batrachians  lay  their  eggs  in  water  that  those  that  do  not  are 
accounted  remarkable.  In  a  small  pond  near  Indiana  University, 
which  has  been  examined  at  all  seasons  of  the  year,  it  has  be«i 
found  that  a  salamander,  Amblystoma  jeffersonianum,  begins  to  lay 
as  soon  as  the  ice  disappears  after  December.  Sometimes  this 
happens  early  in  January  or  it  may  not  until  March.  After  the 
spawning  of  jeffersonianum  comes  that  of  Amblystoma  punctaium. 
Both  deposit  their  eggs  in  jellylike  clumps.  B^  pkkeringii  and 
Acris  gryUus  spawn  in  the  same  pond  between  early  March  and  late 
May.  During  late  spring  and  early  summer  the  newt,  Diemictylus 
'  viridescens,  ^awns  here.  Very  frequently  this  pond  dries  up  in 
summer,  and  then  there  is  an  opportunity  to  see  how  any  of  the 
aquatic  batrachians  may  become  terrestrial.  Late  in  summer  Am- 
btystoma  opacum  spawns  in  this  pond.  Usually  the  pond  is  dry  at 
the  time,  whereupon  the  salamander  lays  its  eggs  under  leaves  or 
under  a  board,  coiling  itself  about  the  eggs.    The  hatching  of  such 
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e^  may  be  delayed  much  beyond  the  nonnal  time  and  will  then 
occur  at  once  with  the  first  rain.  The  young  still  require  a  pond 
for  their  growth  from  hatching  to  the  metamorphosis.  Toads  and 
frogs  have  evidently  become  adapted  to  range  on  land  without 
losing  their  ancestral  habit  of  making  their  home  in  water.  Whether 
their  webbed  toes  and  swimming  legs  are  in  their  original  condi- 
tion, or  whether  they  are  readaptations  to  water  may  be  left  in 
abeyance. 

The  batrachians  play  an  important  part  in  the  economy  of  small 
pools,  a  less  important  one  in  small  streams,  and  are  a  negligible 
quantity  in  waters  of  any  size.  To  the  rule  that  thdr  abundance 
is  in  inverse  proportion  to  the  size  of  the  body  of  water,  the  perenni- 
branchs  form  the  only  exception.  In  early  spring  nearly  every 
puddle  contains  hundreds  or  thousands  of  toad  e^gs  and  larvae. 
The  tadpoles  act  as  scavengers  for  a  short  time  and  then  pass  out 
of  the  life  of  the  puddle.  Every  pond  of  greater  permanence 
serves  the  frogs  as  the  puddles  and  ponds  do  the  toad.  Frog  tad- 
poles are  scavengers  and  mud  eaters,  with  elongate,  alimentary 
canal.  They  remain  in  the  water  much  longer  than  young  toads 
and  when  they  become  adult  may  pass  out  of  the  life  of  the  puddle 
or  pond  as  completely  as  the  adult  toad,  or  may  remain  more  or 
less  closely  identified  with  the  birthplace.  When  the  adult  frogs 
remain  about  the  water,  they  bear  a  different  relation  to  the 
aquatic  life  from  the  young.  The  alimentary  canal  has  become 
shortened  and  the  frog  is  an  eater  of  five  food,  insects,  and  fishes. 
In  its  turn  the  frog  serves  as  food  for  fishes,  snakes,  and  birds. 


The  chief  and  perennial  vertebrate  elements  of  the  aquatic  fauna 
are  the  fishes.  They,  with  a  few  batrachians  and  possibly  a  turtle, 
are  the  only  members  of  the  fauna  that  have  both  their  home  and 
their  range  in  the  water.  They  alone  of  the  vertebrates  are  so 
adjusted  to  an  aquatic  eidstence  that  they  could  be  hermetically 
sealed  in  a  balanced  aquarium. 

There  are  fishes,  big  and  little,  thick  and  thin,  long  and  short, 
deep,  and  of  little  elevation,  sharp-nosed  and  blimt-snouted,  tooth- 


ed byCooglc 


FBESH-WATER  BIOLOGY 


iij  mm.  Ukd  iSj  mm.  long  mpcctircl]'. 


Di„m,db,G00glc 


THE  AQUATIC  VERTEBRATES  1031 

less  and  fanged,  naked  and  scaled,  barbeled  and  not,  nocturnal 
and  diumal,  bottom  sitters  and  top  skimmers,  riffle  inhabitants  and 
pool  dwellers,  mud-puddlers  and  mountaineers,  round-bellied  and 
serrate-edged.  They  are  adapted,  in  short,  to  all  conditions  of 
possible  ^h  environment.    The  same  gamut  of  size,  shape,  and 


Tia.isi6.    LoDg-Eind  Sunfiih,  Lt^nufi  iMftMii  [Ki£ii«qne)  ■    Adiul  •be,  9Ci,mm.  long. 

habit  is  found  in  the  fresh  waters  of  South~America  and  North 
America  though  the  two  continents  have  nc  fishes  in  common. 
The  members  of  different  families  have  thus  independently  become 
convergently  and  divergently  adapted. 
Fresh-water  fishes  do  not  form  a  group  by  themselves.    Various 


Fio.isjT.    Little  Pickail,Ijiciiiiwnirin>Miii<Le  Sueur).    Actiul  siic.  tig  mm.  long- 
marine  famiUes  have  contributed  to  the  fauna.    But  the  larger 
per  cent  of  the  fresh-water  fishes  belong  to  the  single  superorder 
Ostariophysi.    Of  the  600  fresh-water  species  of  North  America, 
307,  or  over  half,  belong  to  this  group. 
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The  fresh-water  fishes  of  North  America,  exclusive  of  Mexico, 
are  distributed  among  the  following  families,  of  which  those  of 
undoubted  recent  marine  origin  are  printed  in  italics. 


am;;::::: 
aSK;:::::::: 

8     SalmoD 

;  IE3C:::::::: 

iS     SuaGih 

I  £?:;;;::::::::::;::: 

Clur»cto« 

I      Pike 

5  affi;::::::::::;::: 

su3«:::::::::;: 

Cufidi 

li     Eel 

IS     SHckUb^h 

3      Sa«r4idt 

;  »•:::::::::::::::: 

Ginuailud 

Few  localities,  even  among  the  most  favored,  contain  more  than 
50  species  of  the  600  found  in  North  America.  The  entire  Missis- 
sippi basin  harbois  about  200  species,  the  Great  Lakes  with  thdr 
tributaries,  152,'  the  state  of  Indiana,  163.  Eel  River  in  Indiana 
(85  miles  long),  with  all  of  its  tributary  lakes  and  streams,  harbors 
76  species.  White  River  of  Arkansas,  84;  the  Maumee  basin,  87. 
Bean  Blossom  Creek,  about  ,25  miles  long,  harbors  44  species  in 
less  than  two  miles  near  its  middle.  Lake  Ontario  with  all  of  its 
tributaries  is  inhabited  by  73  species;  Lake  Champlmn  and  its 
tributaries  by  54;  Lake  Chautauqua  with  its  tributaries  by  31; 
the  'VWnnipeg  System,  Canada,  by  44;  the  St.  Lawrence  River,  by 
63  and  8  marine.  Wmona  Lake  of  Kosciusko  County,  Indiana, 
excludve  of  its  tributaries,  harbors  23  spedes,  Turkey  Lake  with- 
out its  tributaries,  29  species.  The  outlet  of  Turkey  Lake,  for  a 
mile  of  its  length,  harbors  an  equal  number. 

There  is  a  vast  difference  in  the  number  of  species  found  in 
equal  areas  of  streams  and  lakes.  Other  things  equal  a  ^ven 
area  of  surface  water  or  a  ^ven  cubic  quantity  of  water  of  a  small 
stream  harbors  more  individuals  and  greater  diversity  of  species 
than  the  same  area  and  bulk  of  either  a  large  river  or  lake.  Hie 
places  in  America  from  which  the  greatest  diversity  of  fish  hfe  has 
been  reported  are: 

'  Tliese  are  fully  described  and  many  of  them  figured  in  Jordan  and  Evennann's 
Fishes  o(  North  and  Middle  America,  Bull.  U.  S.  Fish  Com.,  and  also  in  Jordan's 
"  Guide  to  the  Study  of  Fishes,"  Henry  Holt  and  Co. 

>  Immigranta  from  South  Ameriau 
-  *  Of  theae  a;  are  pecuhai  to  the  Great  Lakes  badn. 
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Saljae  and  Washita,  )  mile  above  Aikaddphia,  AAanaas 47 ' 

Fort  Smith  and  neighborhood 50 

Bean  Blossom  Creek,  Indiana 44 

Cypress  Creek,  Alabama 43 

Obeys  River,  Tennessee 39 


Mammoth  Spring,  Arkansas. 37 

Washita,  Aritansas 36 

In  contrast  with  these  the  following  poor  faunas  are  recorded: 

Ccmnecticut  RJvei t8 

Clear  Lake,  California. 13 

Klamath  basin,  CalifcoTtia. IS 

The  entire  Yellowstone  Park 10 

San  Luis  Rjvet,  California 4 

Kicking  Horse  River,  Canada a 

Salt  Lake  basin 14 

Sevier  River,  Utah 7 

Cdumbia  River  System 37 

Colorado  basin 33 

Pennamaguan  Lake,  Washington  County,  Maine 10 

Meddybemp  Lake  and  Dennya  River,  Washington  County.  Maine 9 

Western  Grand  Lake  System,  Washington  County,  Maine 14 

St.  Croii  River  basin,  Washington  County,  Maine 8 

Perkins  Lake,  Idaho 7 

Alturas  Lake,  Idaho 4 

San  Diego  County,  CaliComia 4 

Of  these  the  Connecticut,  Klamath,  Yellowstone,  San  Luis,  the 
Maine  lakes  and  streams,  and  Alturas  Lake  each  have  entirely 
distinct  faunas  and  the  Columbia  and  Colorado  have  only  a  few 
^des  each  in  common  with  the  Salt  Lake  ba^.  It  is  quite  evi- 
dent from  an  inspection  of  these  lists,  that  a  general  consideration 
of  the  fresh-water  fauna  of  North  America  applicable  to  all  cases 
is  quite  out  of  the  question.  There  are  a  number  of  quite  distinct 
faunas.  A  few  general  observations  may  be  supplemented  with 
an  analysis  oi  a  few  typical  localities  to  get  at  the  nature  of  the 
fish  fauna. 

Jordan'  summarizes  a  long  experience  of  gathering  fishes  in 
many  waters  of  North  America  as  follows: 

"Some  of  the  conditions  most  favorable  to  the  existence  in  any 
stream  of  a  large  number  of  species  of  fishes  are  the  following,  the 
most  important  of  which  is  the  one  mentioned  first:  Connection 
with  a  large  hydrographic  basin;  a  warm  climate;  clear  water;  a 
moderate  current;  a  bottom  of  gravel,  preferably  covered  by  a 

>  Two  localities  are  included  in  this  and  several  in  the  total  of  50  in  the  next. 
•  "A  Guide  to  the  Study  of  Fishes,"  p.  307. 
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growth  of  weeds;  little  fluctuation  during  the  year  in  the  volume 
of  the  stream  or  in  the  character  of  the  water. 

"limestone  streams  usuaUy  yield  more  spedes  than  streams 
flowing  over  sandstone,  and  either  more  than  the  streams  of  regions 
having  metamorphic  rocks.  Sandy  bottoms  usually  are  not  favor- 
able to  fishes.  In  general,  glacial  drift  makes  a  suitable  river 
bottom,  but  the  higher  temperature  usual  in  regions  beyond  the 
limits  of  the  drift  gives  to  certain  southern  streams  conditions 
still  more  favorable.  These  conditions  are  all  well  realized  in  the 
Washita  River  in  Arkansas,  and  in  various  tributaries  of  the  Ten- 
nessee, Cumberland,  and  Ohio;  and  in  these,  among  American 
streams,  the  greatest  number  of  spedes  has  been  recorded. 

"The  isolation  and  the  low  temperature  of  the  rivers  of  New 
England  have  given  to  them  a  very  scanty  fish  fauna  as  compared 
with  the  rivers  of  the  South  and  West." 

Agassiz  says  concerning  New  England:  "In  this  isolated  re^on  of 
North  America,  in  this  zoological  island  of  New  En^and,  as  we 
may  call  it,  we  find  neither  Lepidosteus,  nor  Amta,  nor  Poliodon, 
nor  Amblodon,  nor  Grystes,  nor  Centrarchus,  nor  Pomoxis,  nor 
Ambloplites,  nor  CalUurus,  nor  Carpiodes,  nor  Hyodon,  nor  indeed 
any  of  the  characteristic  forms  of  North  American  fishes  so  com- 
mon everywhere  else,  with  the  exception  of  two  Pomotis,  one 
Boleosoma,  and  a  few  Caloslomus." 

Continuing,  Jordan  says: 

"Of  the  six  hundred  ^>edes  of  fishes  found  in  the  rivers  of  the 
United  States,  about  two  hundred  have  been  recorded  from  the 
basin  of  the  Mism^ppi.  From  fifty  to  one  hundr^  of  these 
spedes  can  be  found  in  any  one  of  the  tributary  streams  of  the 
size,  say,  of  the  Housatonic  River  or  the  Charles.  In  the  Connecti- 
cut River  there  are  but  eighteen  spedes  permanently  resident;  and 
the  number  found  in  the  streams  of  Texas  is  not  much  larger.** 

"The  waters  of  the  Great  Basin  are  not  rich  in  fishes,  the  spedes 
now  found  being  evidently  an  overflow  from  the  Snake  River  when 
in  late  glacial  times  it  drained  Lake  Bonneville.  This  postglacial 
lake  once  filled  the  present  basin  of  the  Great  Salt  Lake  and  Utah 
Lake,  its  outlet  flowing  northwest  from  Ogden  into  Snake  River. 
The  same  fishes  are  now  found  in  the  upper  Snake  River  and  the 
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basins  of  Utah  Lake  and  of  Sevier  Lake.  In  the  same  fashion 
I-ake  Lahonton  once  occupied  the  basin  of  Nevada,  the  Humboldt 
and  Carson  sinks,  with  Pyramid  Lake.  Its  drainage  fell  also  into 
the  Snake  [Klamath?]  River,  and  its  former  limits  are  shown  in 
the  present  range  of  spedes.  These  have  ahnost  nothing  in  com- 
mon with  the  group  of  species  inhabiting  the  former  drainage  of 
Lake  Bonneville.  Another  postglacial  body  of  water,  Lake  Idaho, 
once  united  the  lakes  of  southeastern  Oregon.  The  fauna  of  Lake 
Idaho,  and  of  the  lakes  Malheur,  Warner,  Goose,  etc.,  which  have 
replaced  it,  is  also  isolated  and  distinctive.  The  number  of  species 
now  known  from  this  region  of  these  ancient  lakes  is  about  125. 
This  list  is  composed  almost  entirely  of  a  few  genera  of  suckers, 
minnows,  and  trout.  None  of  the  catfishes,  perch,  darters,  or 
simfishes,  moon-eyes,  pike,  kjllifishes,  and  none  of  the  ordinary 
eastern  types  of  minnows  have  passed  the  barrier  of  the  Rocky 
Mountains. 

"West  of  the  Sierra  Nevada  the  fauna  is  still  more  scanty,  only 
about  seventy  species  bdng  enumerated.  This  fauna,  except  for 
certain  immigriints  from  the  sea,  is  of  the  same  general  character 
as  that  of  the  Great  Basin,  though  most  of  the  species  are  different. 
.  .  .  The  rivers  of  Alaska  contain  but  few  species,  barely  a  dozen 
in  aU,  most  of  these  being  found  also  in  Siberia  and  Kamchatka. 
In  the  scantiness  of  its  faunal  list,  the  Yukon  agrees  with  the  Mac- 
kenzie River,  and  with  Arctic  rivers  generally." 

The  fauna  of  the  Great  Lakes  and  of  the  Red  River  of  the  north 
is  essentially  like  that  of  the  Mississippi  Valley. 

Tke  Origin  of  the  Fresh-water  Fishes.  —  Many  of  the  fresh-water 
fishes  of  North  America  have  been  more  remotely  or  more  recently 
derived  from  the  sea.  Some  of  them,  as  the  eel,  still  come  from 
the  sea  during  each  generation,  to  find  in  fresh  water  their  range; 
others  are  but  seasonal  visitors,  entering  the  fresh  waters  from  the 
ocean  as  the  salamanders  enter  them  from  the  land,  to  find  homes. 
These  various  anadiomous  fishes  will  be  considered  later.*    Still 

'  The  aoadiomous  habit  may  be  of  double  odgiD.  Hie  various  salmons,  nuuiy  of 
whose  relatives  live  in  fresh  water,  naay  be  fresh-water  spedes  coatributed  to  the  ocean. 
The  shad  and  stripedperch,  on  the  other  liand,  whose  relatives  live  id  the  ocean,  have 
became  anadromous  through  the  general  habit  of  many  oceanic  fishes  to  seek  the  atuat 
and  shallow  water  as  the  breeding  leason  aj^roaches. 
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others,  vith  both  range  and  home  in  fresh  water,  belong  to  present 
nuuine  families  and  have  evidently  comparatively  recently  become 
members  of  the  fresh-water  fauna. 

A  notable  example  of  a  fish  comparatively  recently  contributed 
by  the  sea  to  fresh  water  is  Hysierocarpus  traski  Gibbons.  It  is  a 
viviparous  fish  of  the  rivers  of  central  California.  All  of  its  rela- 
tives live  in  the  Pacific  Ocean  from  which  it  is  an  undoubted 
immigrant. 

The  sea  basses  furnish  several  illustrative  examples.  The  striped 
bass,  Roccus  lineatus,  is  an  oceanic  fish  entering  rivers  to  spawn, 
while  its  nearest  relative,  Roccus  c  fay  sops,  the  white  bass,  is  con- 
fined to  the  Great  Lakes  and  upper  Missis^ppi  Valley.  Closdy 
related  to  these  are  the  yellow  bass,  Morone  interrupta,  of  the  lower 
Mississippi  Valley,  and  the  white  perch,  Morone  americana,  in 
salt  and  fresh  water  from  Nova  Scotia  to  South  Carolina.  The 
ninety  other  American  members  of  this  family  are  all  marine. 

Various  species  of  Rahalos  {Cenlropomus)  enter  fresh  water. 

The  Mugilidae  have  added  various  species  to  the  fresh  waters 
south  of  the  United  States.  The  Atherinidae  have  contributed  the 
sldpjack  to  our  rivers  and  lakes,  and  south  of  us  this  marine  family, 
whose  eggs  are  provided  with  threads,  has  contributed  and  is  con- 
tributing to  the  fresh  waters  all  the  way  from  Mexico  to  Patagonia. 


FM.IUS.    ^pjuk,  LoKJuloiiailiH  (CofK).    Actual  loe,  9S  mm.  loii|. 

The  sticklebacks  and  killifishes  help  to  bridge  the  gap,  if  such 
exists,  between  the  fresh  waters  and  the  ocean.    Even  the  pipe- 
fishes and  flounders  have  a  tendency  to  colonize  fresh  waters,  and  . 
the  flounders  at  least  have  succeeded  in  South  America. 

The  Sdaenidae,  a  marine  family,  has  contributed  the  thunder- 
pumper  or  white  perch  to  the  Great  Lakes  and  Mississippi  Valley, 
and  several  other  spedes  to  the  streams  of  South  America.  Some 
of  its  marine  qiedes  occa^onally  run  up  streams. 

The  large  family  of  the  Cottidae  has  added  the  miller's-thumb. 
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Others  of  undoubted  marine  origin  have  entered  fresh  water  at 
such  remote  periods  that  they  have  set  up  distinct  fresh-water 
families,  as  the  sunfishes,  the  perches,  and  the  Cichlidae. 

Finally,  we  have  the  dominant  fresh-water  groups  of  cbaradns, 
minnows,  carps,  suckers,  and  cat£shes  whose  origin  from  the 
sea  is  so  remote  that  the  orders  and  superorders  embracing  all  of 
these  dominant  members  of  the  fresh-water  fauna,  with  the  excep- 
tion of  Arius  and  related  genera,  are  peculiar  to  fresh  water. 


Pm.  I5J9.    Hills''iThamb,C(ilMiJc<(l*fi(IU6nn(iiu). 

Dispersal  of  Fresk-waier  Fiskes.  —  No  fishes  have  been  or  are 
being  permanently  contributed  to  the  land.  The  eel  is  capable 
of  moving  over  short  stretches  of  land,  and  Periophthalmus  may 
leave  the  water  in  search  of  food.  In  the  South  American  fresh 
waters  a  relative  of  the  catfish  is  said  to  be  able  to  move  from 
pond  to  pond,  and  in  the  Congo  and  in  South  American  rivers 
live  fishes  that  temporarily  fly  over  the  water.  But  all  these  spe- 
cies are  adapted  to  the  water  and  can  live  for  longer  periods  only 
in  connection  with  it. 

The  two  factors  that  more  than  others  are  responsible  for  the 
abundance  or  paucity  of  the  faunas  are  accessibility  and  tempera- 
ture. The  latter  will  be  considered  more  at  length  later.  Acces- 
sibility demands  some  attention  now. 

A  locality  is  accessible  to  fishes  if  it  is  connected  with  an  inhab- 
ited locality  by  a  permanent  or  seasonal  waterway.  There  are 
fishes  that  apparently  defy  this  general  rule  and  that  skip  or  have 
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skipped  in  a  tantaJizing  way,  from  mountain  stream  to  mountain 
stream,  appearing  wherever  conditions  are  favorable.  Here,  as 
elsewhere,  the  mystery  will  probably  dissolve  when  all  the  facts 
are  in.  The  catfishes  and  darters  have  not  been  able  to  cross  to 
the  Pacific  slope  in  the  United  States,  but  in  Mexico  they  have 
accomplished  this  feat.  A  tilting  of  the  land,  or  change  in  relative 
rainfall,  or  some  other  reason  has  enabled  some  of  the  Pacific 
slope  streams  to  capture  some  of  the  former  tributaries  of  the  Rio 
Grande.  With  the  tributary  went  the  darters,  the  catfishes,  and 
other  fishes  it  contained.  A  freshet  or  a  cave-stream  may  some- 
times be  responsible  for  an  apparently  mysterious  distribution. 
Salt  water  is  sometimes  a  barrier  to  the  migration  of  fresh-water 
fishes.  Jordan '  says  of  the  streams  of  San  Luis  Obispo  County, 
California,  of  which  the  San  Luis  Creek  mentioned  before  is  one: 

"The  county  of  San  Luis  Obispo  lies  along  the  coast  of  Califor- 
nia, midway  between  Monterey  and  Santa  Barbara.  It  is  com- 
posed of  two  or  three  isolated  valleys  opening  out  to  the  sea,  and 
surrounded  on  all  sides  by  high  and  barren  mountains.  These 
mountains  have  served  as  a  barrier,  shutting  off  all  access  of  fishes 
to  the  streams  of  the  region  from  the  larger  basins  of  the  north  and 
east.  The  valleys  of  San  Luis  Obispo  are  traversed  by  clear, 
swift,  cold  streams  rising  in  mountain  springs.  Li  these  streams 
very  few  species  of  fishes  are  found,  and  these  few,  except  in  one 
case  (Agosia  nubila),  are  s[)ecies  wliich  have  come  into  the  fresh 
waters  by  way  of  the  sea.  None  of  the  characteristic  types  of 
the  San  Joaquin  and  Sacramento  valleys  are  found  in  San  Luis 
Obispo  County.  .This  is  evidently  not  due  to  any  character  of  the 
waters,  but  simply  to  the  fact  that  these  fishes  cannot  reach  San 
Luis  Obispo  except  by  descent  to  the  sea." 

But  there  is  ^so  evidence  that  the  ocean  is  not  invariably  a 
barrier.     To  quote  again  from  Jordan : ' 

"The  passage  of  species  from  stream  to  stream  along  the  Atlantic 
slope  deserves  a  moment's  notice.  It  is  under  present  conditions 
impos^ble  for  any  mountain  or  upland  fish,  as  the  trout  or  the 
miller's  thtmib,  to  cross  from  the  Potomac  River  to  the  James,  or 

<  Bull.  U.  S.  Fish  Com.  for  1S94,  p.  141. 

'  "Guide  to  the  Study  of  Fiahe^"  pp.  313  and  313. 
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from  the  Neuse  to  the  Santee,  by  descending  to  the  lower  courses 
of  the  rivers,  and  thence  passing  along  either  through  the  swamps 
or  by  way  of  the  sea.  The  lower  courses  of  these  streams,  warm 
and  muddy,  are  uninhabitable  by  such  fishes.  Such  transfers  are, 
however,  possible  farther  north.  From  the  rivers  of  Canada  and 
from  many  rivers  of  New  England  the  trout  does  descend  to  the 
sea  and  into  the  sea,  and  farther  north  the  white  fish  does  this  also. 
Thus  these  fishes  readily  pass  from  one  river  basin  to  another.  As 
this  is  the  case  now  everywhere  in  the  north,  it  may  have  been  the 
case  farther  south  in  the  time  of  the  glacial  cold.  We  may,  I 
think,  imagine  a  condition  of  things  in  which  the  snow  fields  of 
the  Allegheny  chain  might  have  played  some  part  in  aiding  the 
diffusion  of  cold-loving  fishes.  A  permanent  snow  field  on  the 
Blue  Kidge  in  western  North  Carolina  might  render  almost  any 
stream  in  the  Carolinas  suitable  for  trout,  from  its  source  to  its 
mouth.  An  increased  volume  of  colder  water  might  carry  the 
trout  of  the  head  streams  of  the  Catawba  and  the  Savannah  as 
far  down  as  the  sea.  We  can  even  imagine  that  the  trout  reached 
these  streams  in  the  first  place  through  such  agencies,  though  of 
this  there  is  no  positive  evidence.  For  the  presence  of  trout  in 
the  upper  Chattahoochee  we  must  account  in  some  other  way  .... 

"With  the  lowland  species  of  the  southern  rivers  it  is  different. 
Few  of  these  are  confined  within  narrow  hmits.  The  streams  of 
the  whole  South  Atlantic  and  Gulf  Coast  flow  into  shallow  bays, 
mostly  bounded  by  sand  pits  or  sand  bars  which  the  rivers  them- 
selves have  brought  down.  In  these  bays  the  waters  are  often 
neither  fresh  nor  salt;  or,  rather,  they  are  alternately  fresh  and 
salt,  the  former  condition  being  that  of  the  winter  and  spring. 
Many  species  descend  into  these  bays,  thus  finding  every  facihty 
for  transfer  from  river  to  river.  There  is  a  continuous  inland 
passage  in  fresh  or  brackish  waters,  traversable  by  such  fishes, 
from  Chesapeake  Bay  nearly  to  Cape  Fear;  and  similar  con- 
ditions exist  on  the  coasts  of  Louisiana,  Texas,  and  much  of 
Florida." 

AdapiaUons  to  the  Main  Object  in  Life.  —  Fishes  either  lay 
eggs  that  are  fertilized  in  the  water,  retain  eggs  that  have  been 
internally  fertilized  to  the  time  of  hatching  or  in  a  few  species  give 
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birth  to  living  young  which  have  been  carried  far  beyond  the 
"  hatching  "  point. 

A.  Migration.  As  the  spawning  season  approaches,  fishes  under- 
take a  general  migratory  movement.  The  migration  may  be  of 
great  or  very  limited  extent.  The  movement  is  in  general  one  of 
going  upstream  to  sma.ll  brooks  and  shoreward  to  shallow  water. 
In  some  cases  the  migration  may  mean  the  movement  for  a  few 
feet  only.  Some  minnows  and  darters  move  to  a  favorably-placed 
rock  or  weed.  The  skipjack  in  our  small  lakes  moves  to  the  zone 
of  pickerel  weeds  near  shore.  The  sunfishes,  black  bass,  and  many 
others  move  shoreward  to  shallow  water.    Some  minnows  move  to 


Fio.  IJ40.    Sucter,  ColoibHiHucaiHiKriBiii  (Licfptde).    Actual  ilit,  >]i  mm.  long. 

riffles  from  neighboring  pools.  The  upstream  movement  of  suckers 
is  powerful  in  California,  and  has  become  proverbial  in  Illinois  and 
neighboring  waters. 

The  limit  in  the  extent  of  migratory  movements  upstream  is 
reached  by  the  Pacific  coast  salmons.  The  quinnat  salmon  of  the 
Pacific  coast  is  the  king  of  the  migrants.  It  enters  the  Columbia 
River  at  the  age  of  four  years,  in  March  and  April.  The  entire 
summer  is  taken  up,  without  food,  in  ascending  to  its  spawning 
groimds.  It  spawns  a  thousand  miles  and  more  from  the  ocean, 
or  in  Alaska  two  thousand  miles  from  the  sea,  in  shallow  riffies  of 
small  streams  at  the  headwaters  of  the  streams  it  ascends.  Alturas 
Lake,  near  one  of  its  spawning  places,  has  an  elevation  of  7,335 
feet.  After  spawning  the  adult  dies.  It  never  succeeds  in  regaining 
the  ocean.  The  Atlantic  slope  salmon  {Salmo  solar)  ascends  from 
the  ocean  to  the  headwaters  of  streams  north  of  Cape  Cod.  The 
relative  of  the  salmons,  the  dsco  of  Tippecanoe  Lake,  in  December 
ascends  its  tributary  streams  to  spawn.  The  marine  lamprey  as- 
cends streams  from  the  Atlantic  Ocean.  The  landlocked  lamprey 
{Peiromysott  marinus  unicolor)  of  central  New  York  migrates  eight 
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to  ten  miles  from  Cayuga  Lake  up  the  streams  to  spawn.  The 
silver  lamprey  of  the  IMississippi  Valley  ascends  small  brooks  m 
the  spring.  On  the  PadEc  slope  the  Pacific  lamprey  ascends 
streams  in  large  numbers.  At  La  Grange,  Idaho,  I  found  very 
many  congregated  below  a  nulldam  which  th^  had  not  been  able 
to  ascend.  The  sturgeons,  for  the  most  part  living  in  the  sea,  also 
ascend  streams  to  spawn. 

While  many  species  of  fishes  have  the  habit  of  entering  fresh 
water  when  they  approach  ripeness,  the  eel  alone,  of  the  fishes  of 
the  northern  hemisphere,  has  the  reverse  habit  of  taking  to  salt 
water  when  the  reproductive  period  approaches.  It  has  been  well 
known  for  many  years  that  during  winter  and  early  spring  the 
young  of  the  eel  enter  the  mouths  of  streams  in  enormous  numbers. 
Redi  records  the  entrance  of  yoimg  eels  into  the  Amo  in  1667,  and 
says  that  at  Pisa  three  million  pounds  of  young  eels  30-120  mm. 
were  taken  in  five  hours.  They  find  their  way  for  hundreds  of 
miles  from  the  ocean.  "Young  individuals  three  to  five  inches 
long  ascend  rivers  in  incredible  nimibers,  overcoming  all  obstacles, 
ascending  vertical  walls  or  fioodgates,  entering  every  lai^e  and 
swollen  tributary,  and  making  their  way  even  over  terra  firma  to 
waters  shut  off  from  all  communications  with  rivers." 

The  American  eel,  which  is  closely  related  to  the  European  eel, 
is  found  in  all  fresh  waters  emptying  from  the  Gulf  of  St.  Lawrence 
to  Mexico.  Eels  have  been  seen  in  Colorado  1500  miles  from  the 
Gulf  of  Mexico,  at  an  elevation  of  7200  feet.  Only  the  females 
ascend  such  distances,  the  males  remaining  near  the  coast.  While 
in  fresh  water  they  feed  on  everything  eatable.  When  they  ap- 
proach their  full  size,  in  about  four  years,  they  descend  the  streams 
to  the  ocean  in  autumn.  They  are  lost  sight  of  beyond  a  distance 
of  a  mile  from  shore,  hut  about  six  months  after  they  have  entered 
the  sea,  eel  eggs  have  been  found  floating  on  the  surface.  They 
are  large  eggs,  with  a  very  lai^e  perivitelline  space,  and  vedcular 
yolk.  They  hatch  into  larvae  quite  unlike  eels.  These  become 
gradually  greatly  modified,  but  not  in  the  direction  of  becoming 
eel'hke:  It  is  not  until  the  larvae  are  about  a  year  old  that  they 
are  metamorphosed  into  young  eels  which  ascend  streams  such  as 
their  parents  have  descended  two  years  previously.    Like  all  fishes, 
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such  as  the  lampreys  and  sahnon,  which  make  very  elaborate 
preparations  to  produce  their  young  at  a  great  distance  from 
their  range,  the  eels  never  regain  their  range,  and  probably  all 
die  after  the  first  reproductive  period.  It  is  not  improbable  that 
in  some  landlocked  lakes  eels  mature  and  reproduce  in  fresh  water, 
but  no  eels  with  ripe  eggs,  nor  eggs,  nor  larval  eels,  have  been  found 
in  fresh  water. 

Homes  of  Fishes.  —  Emphasis  has  been  laid  on  the  fact  that 
the  ultimate  fate  of  all  iieah  water  is  locomotion,  and  that  usually 
currents  exist  between  fresh-water  lakes  and  the  ocean.  All  fresh- 
water fishes  are  adapted  to  this  condition  and  make  provision  to 
anchor  their  eggs  or  give  birth  to  living  young.  There  is  but  one 
fresh-water  fish  known  to  me  that  has  pelagic  eggs,  the  eel.  It 
has  not  become  adapted  to  rear  its  yoimg  in  fresh  water,  but  enters 
the  sea  before  the  reproductive  period.  This  suggests  that  the 
adaptation  of  fresh-water  fishes  to  re^t  currents  did  not  arise 
after  they  had  entered  the  fresh  water,  but  that  such  oceanic 
candidates  for  fresh-water  existence  as  had  eggs  ad^ted  to  resist 
the  currents  gained  a  permanent  lodgment;  while,  on  the  rontrary, 
none  of  those  with  pelagic  eggs  have  been  able  to  establish  perma- 
nent homes  in  fresh  waters.  All  anadromous  and  fresh-water 
fishes  either  have  e^s  heavier  than  water  which  lodge  in  gravel,  or 
produce  attachable  eggs.  Many  marine  fishes  have  pelagic  eggs, 
and  none  of  these  have  become  permanent  residents  in  fresh  water. 
Others  have  adhesive  eggs,  that  at  the  moment  of  being  laid  will 
adhere  to  foreign  substances;  others  have  cohesive  eggs  that  will 
become  attached  to  each  other,  but  not  to  foreign  substances.  Of 
the  adhesive  eggs  some  are  simply  sticky  all  over  and  others  have 
mushroom-shaped  processes  that  have  sticky  heads  (stickleback). 
The  eggs  of  still  other  fishes  have  filaments  that  coU  about  foreign 
substances.  All  of  these  types  are  found  in  fresh  waters.  The 
fundamental  adaptation,  that  to  flowing  water,  was  acquired  by 
the  ancestors  of  fresh-water  fishes  before  they  were  able  to  leave 
the  ocean. 

Along  with  this  adaptation  agunst  currents,  we  have  in  the 
fresh-water  fishes  elaborate  brooding  habits  that  in  part,  at  least, 
are  an  adaptation  to  another  £resh-water  condition,  i.e.,  the  settling 


.dbyCoogIc 


THE  AQUATIC  VERTEBRATES,  IO43 

of  sediment.    A  very  brief  survey  of  the  nature  of  the  eggs  and 
the  brooding  habits  as  far  as  known  is  instructive. 

Amia,  the  sunfishes,  and  the  black  bass  build  their  nests  in 
shallow  water  with  little  or  no  current.  The  nest  is  either  pre- 
pared in  weed-covered  patches  or  on  the  sand.  Amia  prefers 
weed-covered  patches  but  is  not  exclusive  in  its  selections.  Tlie 
nest,  prepared  by  the  male  with  the  snout  and  fins,  consists  ^mply 
of  an  area  from  which  the  vegetation  has  largely  been  removed, 
or  it  may  be  but  a  saucer-shaped  pit  in  sand.  The  eggs  of  Amia 
are  adhesive  and  are  attached  to  the  sides  and  bottoms  of  the 
nest.    The  male  remains  over  or  near  the  nest  tmtil  (he  eggs  hatch. 


Fib.  IJ4I.    I^rgc^noulbed  BUdt  Bu>,  Uktofota  ulmaida  (Licfpide). 

occa^onally  fanning  away  sediment,  and  always  while  near  the  nest 
ready  to  drive  out  intruders.  The  male  accompanies  the  school  of 
yoimg  untU  they  reach  a  length  of  100  mm. 

The  suufishes  and  black  bass  build  their  nests  preferably  in  gravel 
or  sand,  but  not  to  the  entire  exclusion  of  the  localities  preferred 
by  Amia.  Their  eggs  are  quite  small  and  also  adhesive,  and  are 
foimd  at  the  sides  or  bottom  of  a  nest. 

The  male  of  the  small-mouthed  black  bass  builds  the  nest. 
There  are  no  secondary  sexual  characters.  "  Each  ^  male  tests  the 
bottom  in  several  places  by  rooting  into  it  with  his  snout  and  fan- 
ning away  the  overlying  mud  or  sand  with  his  tail.  If  he  does  not 
find  gravel  after  going  down  three  or  four  inches,  he  seeks  another 
place.  Having  found  a  suitable  place,  he  cleans  the  sand  and  mud 
from  the  gravel  by  sweeping  it  with  his  tail.  He  then  turns  over 
the  stones  with  his  snout  and  continues  sweeping  until  the  gravel 
over  a  circular  spot,  some  two  feet  in  diameter,  is  clean.  The  sand 
is  swept  toward  the  edge  of  the  nest  and  there  forms  a  few  inches 
1  From  Lyddl,  Bull  U.  S.  Fish  Cohl,  11:  39. 
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high,  leaving  the  center  of  the  nest  concave  like  a  saucer.  The 
nest  is  usually  located  near  a  log  or  large  rock  so  as  to  be  shielded 
from  one  side.  If  the  bank  is  sheer  and  the  water  deep  enot^jh, 
the  nest  may  be  built  directly  ^[ainst  the  bank."  .  .  . 

After  spawning  the  male  drives  the  female  away.  "The  male, 
and  the  male  only,  now  continues  to  guard  the  nest,  fanning  sedi- 
ment from  the  eggs  and  repelling  enemies.  At  66°  F.  the  e^;s 
hatch  in  five  days  and  the  young  fishes  swarm  up  from  the  bottom 
in  twelve  to  thirteen  days  from  the  day  of  hatching. 

"  Shortly  after  the  young  smaU-mouthed  bass  rise  from  the  nest 
they  scatter  out  over  a  space  four  or  five  rods  across  —  not  in  a 
definite  school  with  all  the  fish  moving  together,  but  as  a  loose 
swarm,  moving  independently  or  in  small  groups.  The  fry  may 
be  at  the  surface  or  on  the  bottom,  in  weeds  or  clear  water,  and  are 
attended  by  the  male  until  they  are  i}  inches  long.  The  swarm 
then  gradually  disperses  and  the  young  fry,  which  were  previ- 
ously black,  take  on  the  color  of  the  old  fish." 

Other  fishes  having  adhesive  eggs  attach  them  to  the  lower 
surfaces  of  rocks  and  boards.  Several  of  our  darters  have  this 
habit,  as  well  as  several  minnows.  The  eggs  of  some  species  of 
darters  are  attached  to  the  upper  surfaces  of  rocks.  Other  fishes 
suspend  their  ^gs  from  aquatic  plants,  with  or  without  nest 
building.  The  goldfish,  which  has  adhedve  eggs,  attaches  them 
singly  to  aquatic  plants,  as  the  fish  swims  about.  The  skipjack 
probably  does  the  same,  though  in  this  spedes,  as  in  the  case  of 
its  marine  relatives,  the  egg  is  supphed  with  long,  thread-like  fila- 
ments. I  have  seen  pairs  of  these  fishes  wind  in  and  out  near 
the  surface  among  water  plants,  and  once  saw  a  pair  of  gar  pikes 
late  in  June  going  through  the  same  performance.  The  yellow 
perch  provides  similarly  for  its  eggs.  They  are  laid  in  long  strings 
which  are  suspended  from  aquatic  plants.  The  eggs  of  the  stickle- 
backs have  mushroom-shaped  processes  that  are  adhesive. 

The  lampreys,  salmon,  trout,  some  suckers,  and  some  minnows 
have  eggs  which  are  heavier  than  water.  These  fishes  d^>osit 
their  eggs  among  the  gravel  of  swift-fiowing  water  where  little 
sediment  falls.  Some  of  our  catfishes  and  the  miller's-thumb 
have  cohesive,  agglutinating  eggs.    These  are  laid  under  boards 
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01  in  other  protected  places  and  guarded  by  the  male.  The  male 
Noturus  not  infrequently  proceeds  to  swallow  the  eggs  he  guards 
when  they  are  uncovered. 

"Both'  parents  of  the  yellow  catfish  are  a  pale  yellow  color, 
the  number  of  eggs  deposited  was  estimated  at  two  thousand. 
The  incubatory  period  was  five  days  in  a  mean  water  temperature 
of  77°  F.,  the  lowest  temperature  being  75  degrees  and  the  highest 
80  degrees. 

"During  the  entire  batching  period  both  parents  were  incessant 
in  their  efforts  to  prevent  the  smothering  of  the  eggs,  to  keep  them 
clean,  and  to  guard  against  intruders.  The  eggs  were  kept  con- 
stantly agitated  and  aerated  by  a  gentle  fanning  motion  of  the 
lower  fins,  and  foreign  particles,  either  on  the  bottom  of  the  nest 
or  floating  near  the  eggs,  were  removed  in  the  mouth  or  by^the 
fins.  The  most  striking  act  in  the  care  of  the  eggs  was  the  sucking 
of  the  egg  masses  into  the  mouth  and  the  blowing  of  them  out, 
this  being  repeated  several  times  with  each  cluster  before  another 
lot  was  treated. 

"The  male  was  particularly  active  in  watching  for  intruders, 
and  savagely  attacked  the  hands  of  the  attendant  who  brought 
food;  he  also  rushed  at  sticks  or  other  objects  introduced  into  the 
aquarium.  Practically  the  entire  work  of  defence  was  assumed 
by  the  male,  although  the  female  occasionally  participated. 

"During  the  time  the  fry  were  on  the  bottom  the  attentions  of 
the  parents  were  unrelated,  and,  in  fact,  were  increased,  for  the 
tendency  of  the  different  lots  to  become  scattered  had  to  be  cor- 
rected, and  the  dense  packing  of  the  young  in  the  comers  seemed 
to  occasion  much  concern.  The  masses  of  fry  were  constantly 
stirred,  as  the  e^s  had  been,  by  a  flirt  of  the  fins,  which  often 
sent  dozens  of  them  three  or  four  inches  upward,  to  fall  back  on 
the  pile. 

"TTie  very  young  fry  were  also  taken  into  the  mouths  of  the 
parents  and  blown  out,  especially  those  which  became  separated 
from  the  main  lot  and  were  found  in  the  sand  and  sediment.  The 
old  fish  would  take  in  a  mouthful  of  fry  and  foreign  particles, 
retain  them  for  a  moment,  and  ejq>el  them  with  some  force.  After 
» From  Snulh  it  Hairon,  Bull.  U.  S.  Fish  Com.,  aa:  151. 
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the  young  began  to  swim  and  became  scattered,  the  par^its  a>n- 
tinued  to  suck  them  in  and  mouth  them,  and,  as  subsequently 
developed,  did  not  always  blow  them  out. 

"Aq  interesting  habit  of  the  parents,  more  especially  the  male, 
observed  during  the  first  few  days  after  hatching,  was  the  mixing  and 
stirring  of  the  masses  of  young  by  means  of  the  barbels.  With  the 
chin  on  the  bottom,  the  old  fish  approached  the  comers  where  the 
fishes  were  banked,  and  with  the  barbeb  all  directed  forward  and 
flexed  where  they  touched  the  bottom,  thoroughly  agitated  the 
mass  of  fry,  bringing  the  deepest  individuals  to  the  surface.  TTiis 
act  was  usually  repeated  several  times  in  quick  succession.  The 
care  of  the  young  may  be  said  to  have  ceased  when  they  began  to 
swim  freely,  although  both  parents  continued  to  show  solidtude 
when  the  attendant  approached  the  aquarium  from  the  rear." 

In  contrast  to  the  nest-building  habits  are  the  habits  of  those  fishes 
seeking  a  definite  sort  of  locality  where  to  deposit  their  eggs.  The 
dace  (SemolUus),  stone  roller  (Campostoma) ,  and  rainbow  darter 
(EthesosUma  caendeum)  select  gravelly  bottom  on  shallow  riffles 
above  a  pool.  The  habits  of  the  darter  have  recently  been  made 
the  subject  of  exhaustive  study  by  Miss  Cora  D.  Reeves.'  These 
fishes  spawn  when  the- temperature  reaches  about  60°  F.  The 
males  select  holdings  which  they  guard  and  from  which  they  drive 
rival  males  by  a  display  of  color  and  by  blows  delivered  with  head 
and  tail.  The  female  buries  herself  partly  in  the  gravel,  the  male 
taking  a  portion  over  her,  other  males  crowding  in.  A  few  eggs 
and  milt  are  extruded  at  a  dme  and  the  spawning  act  oft  repeated. 
The  eggs  are  adhesive  and  stick  to  the  gravel. 

The  adaptation  to  currents  in  fresh  water  thus  consists  in  various 
devices  to  anchor  the  eggs.  The  adaptation  against  sediment  is 
found  in  the  guarding  and  fanning  habit  of  the  male,  the  depoat 
of  eggs  to  the  lower  surface  of  rocks  or  boards  and  on  riffles,  and 
the  suspension  of  eggs  from  water  weeds.  To  these  groups  of 
more  or  less  adaptive  habits  we  must  add  the  peculiar  brooding 
habits  of  some  catfishes,  Cichlids,  and  the  blind  fishes,  and  Cyprin- 
odonts.  Some  of  the  South  American  catfishes  have  the  halat  of 
carrying  thdr  ^gs  in  the  mouth.  Some  of  them,  Aspredo,  cany 
>  BioL  BuU.,  14 :  35. 
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th^n  attached  to  the  ventral  surface.  Several  African  and  South 
American  Cichlids  carry  the  eggs  and  young  in  their  mouths  and 
gill  chambers.  The  so-called  myth,  that  a  given  fish  leads  about 
his  brood  and  guards  them  in  his  mouth  when  danger  approaches, 
is  not  a  myth  for  some  of  these  species. 

The  blind  fishes  of  North  America  carry  their  eggs  in  their  gill 
chambers.     In  these  fishes  the  oviduct  has  moved  forward  so  that  it 


Fid.  1541.    Rainbow  Darter,  Blkoilfma  cteniltum  Stoiir,  $ . 

opens  just  behind  the  isthmus.  The  young  are  carried  for  a  month 
or  two  until  they  have  reached  a  length  of  10  mm.  In  a  group  of 
Cyprinodonts  reaching  as  far  as  Indiana,  but  increasing  in  diver- 
sity of  species  and  numbers  of  individuals  southward,  the  eggs  are 
retained  by  the  female  until  the  yolk  is  absorbed  by  the  growing 
young  fish,  and  sometimes  for  a  much  longer  period.    In  the 


Fic.  i;4].    Rilnbow  Darter,  Eilaiiilems  caimkHm  Storer,  ?  .    Actual  iii«,  jo  mm. 

blind  fishes  of  Cuba  the  young  are  about  an  inch  in  length  at  the 
time  of  birth  and  in  the  California  surf-perch  they  may  be  twice 
as  long. 

Secondary  Sexual  Characters.  —  Such  features  consist  in  size, 
disposition,  color,  or  structure.  Large  differences  in  all  of  these 
are  found  in  the  killifishes.  In  some  of  these  species  the  male 
is  minute  and  provided  with  an  anal  fin  modified  into  a  lance- 
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like  blade.  This  is  not  an  intromittent  organ  but  is  apparoitly 
Dsed  as  a  momentary  clasper  as  the  male  darts  at  the  female  with 
the  lance  directed  forward  and  upward,  liberating  the  spermatozoa 
in  spermatophores  as  the  tip  of  the  lance  comes  in  ointact  with 
the  female.  A  single  impregnation  may  furnish  the  female  with 
spermatozoa  for  several  broods  of  young. 

The  male  of  Amia  has  a  caudal  ocellus.  In  Rivulus  it  is  the 
female  that  possesses  the  caudal  ocellus. 

The  differences  in  disposition  in  the  black  bass,  in  which  no 
other  secondary  sexual  differences  exist,  are  mentioned  elsewhere. 


no.  1544.    Bkdt'Noactl  Muuiaw,  Pimtpkalts  nolatut  (Riinoque).  S  .    AcUuI  liic,  Jj  mm.  lout. 

The  greatest  display  of  secondary  sexual  colors  is  seen  in  the  sun- 
fishes  and  especially  in  the  little  darters  and  in  Chrosomus  whose 
brilliant  coloration  is  scarcely  surpassed  by  that  of  the  humming 
birds.  The  greatest  display  of  secondary  sexual  color  takes  place 
just  before  the  breeding  season.  It  may  be  used  as  a  sex  recog- 
nition mark,  a  battle  flag,  as  in  the  rainbow  darter,  or  as  a  lure  to 
the  female. 

In  many  males  small  excrescences  appear  on  the  sides,  on  the 
fins,  or  on  the  head  during  the  breeding  season.  The  anal  fin  is 
often  provided  with  booklets  in  suckers.  The  male  of  Campostoma 
becomes  covered  with  tubercles.  Pimephaies  develops  short,  warty 
horns  on  the  head  and  the  homed  dace  (Semotilus  atromaculahts) 
large,  long  ones.  Some  of  these  are  used  as  excitants  for  the  fe- 
male, others  undoubtedly  to  enable  the  male  to  ding  to  the  female 
during  the  spawning  act. 

Physical  Environment  and  Adaptations  to  it.  With  the  ercep- 
tions  noted,  fishes  are  always  found  in  water.  The  charade  of 
the  water,  i.e.,  the  per  cent  of  salt  and  other  chemicals  in  soluticai, 
determines  the  three  major  ecological  divisions  of  fishes:  I,  the 
marine  fishes;  II,  the  brackish  water  fishes;  and  III,  the  inland, 
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fresh-water  fishes.    The  first  two  groaps  are  beyond  the  scope  of 
this  chapter. 

The  inland  fishes,  according  to  the  physical  character  of  the 
environmeDts  selected  by  them,  may  be  divided  into  the  following 
groups,  in  part  suggested  by  Cope  and  Jordan. 

1.  Lowland  fishes:  the  bowfin,  pirate  perch,  large-mouthed  black 
bass,  simfishes,  mud-minnow,  and  some  cat£afaes. 

2.  Channel  fishes,  ranging. from  lowland  to  upland:  the  channel 
catfish,  the  moon-eye,  gar  pike,  buffalo  fishes,  and  drum. 

3.  Upland  fishes:  many  of  the  darters,  shiners,  and  suckers,  and 
the  small-mouthed  black  bass. 

4.  Mountain  fishes:  the  brook  trout,  and  many  of  the  darters 
and  minnows. 

5.  Lake  fishes,  inhabiting  only  waters  which  are  deep,  dear, 
and  cold:  the  various  species  of  whitefish  and  the  Great  Lake 
trout. 

6.  Anadromous  fishes,  01  those  which  run  up  from  the  sea  to 
Efpawn  in  the  fresh  water:  the  salmon,  sturgeon,  shad,  and  striped 

7.  Catadromous  fishes,  that  descend  to  the  ocean  to  spawn:  the 
eel. 

8.  Cave  fishes,  found  exclusively  in  cave  streams:  the  Ambly- 
opddae. 

Many  of  the  spedes  are  found  in  more  than  one  of  the  areas 
mentioned. 

Inland  waters  vary  greatly  in  the  amotmt  of  the  solids  in  solu- 
ti<Hi  or  suspension.  In  the  Great  Salt  Lake  and  the  alkali  lakes  of 
the  west  the  amount  of  solids  in  solution  is  prohibitive  to  fish  Ufe. 
In  all  other  waters,  however  small,  if  accessible,  fishes  are  found. 
Even  temporary  ponds  are  colonized  by  catfishes  and  sunfishes  if 
they  are  at  all  accessible.  Sediment  is  present  in  variable  amounts 
and  some  fishes,  depending  exdusively  upon  sight  to  detect  their 
prey,  are  found  only  in  water  free  from  sediment. 

Under  given  conditions  in  monng  water,  the  amount  of  oxygen  in 
solution  is  tolerably  constant.  When  a  body  of  fresh  water  freezes 
over,  or  after  the  summer  thermocline  b  fonned,  the  oxygen  may 
'.become  reduced  in  quantity  or  disappear  altogether  in  the  deeper 
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portions  of  a  lake.  Through  the  reduction  in  oxygen  fishes  may 
be  either  killed  in  lai^e  numbers  or  compelled  to  emigrate.  Fishes 
being  exclusive  water  animals  are  especially  adapted  to  utilize  the 
oxygen  in  the  water.  The  gills  are  the  universally  present  res- 
piratory organs  but  in  special  cases  the  fins  and  part  of  the  aU- 
mentary  canal  may  be  forced  into  service.  In  the  gar-pike  the 
air-bladder  serves  as  a  lung,  at  least  for  the  elimination  of  COj. 
Various  other  fishes  have  cellular  air-bladders  connected  with  the 
alimentary  canal  that  suggest  respiration.  Tower  found  that  in 
fishes  dying  of  asphyxiation  the  ratio  of  COi  to  O  in  the  air- 
bladder  increases. 

During  the  breeding  season  when  the  gill  chambers  are  full  of 
eggs  much  of  the  res[»ration  of  the  blindfishes  is  probably  forced 
on  the  fins  and  general  surface.  In  the  surf-fish,  to  which  the  Sac- 
ramento Hyslerocarpus  belongs,  the  young  are  bom  fully  devel- 
oped.' In  their  earliest  development  in  the  ovary  the  general 
surface  of  the  larva  must  act  as  a  respiratory  oi^an,  later  the  ali- 
mentary canal  functions  as  such.  A  continuous  stream  of  ovarian 
fluid  passes  in  at  the  gill-opening  and  out  at  the  anus  at  this  time. 
Finally  the  fins  become  hypertrophied  into  enormous  streets  super- 
abundantiy  supplied  with  blood  vessels.  In  the  Cuban  blindfishes, 
in  which  the  young  reach  a  length  of  an  inch  at  the  time  of  birth, 
vascular  lobes  are  developed  in  the  ovary,  which  the  young  take 
into  their  mouths  and  to  which  they  cling,  possibly  both  for  food 
and  oxygen.  It  is  very  probable  that  those  fishes  that  are  capable 
of.  living  out  of  water  for  a  time  carry  on  respiration  through  their 
moist  skin'. 

Temperature  and  Adjustment  to  U.  —  In  nearly  all  fresh  waters 
of  the  temperate  region  there  is  a  fluctuation  in  the  water  be- 
tween 32°  to  80"  F.  The  extreme  fluctuation  is  found  only  on 
the  surface  of  the  water.  In  the  bottom  of  lakes  eighty  feet  deep, 
the  annual  fluctuation  ranges  perhaps  between  39°  and  do"  F. 
Fishes  can  always  escape  the  extreme  fluctuations  by  seeking  deeper 
water.  That  they  are  adjusted  to  live  through  extreme  cold  is 
shown  by  the  fact  that  some  species  may  be  frozen  in  ice  and  re> 
It  been  traced,  but  that  of  some  of  its 
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vive  when  thawed  out.  The  adjustment  in  this  respect  probably 
increases  as  one  goes  northward.  Turner  says  of  the  Alaskan 
DaUia:  "When  taken  from  the  traps  the  &sh  are  immediately  put 
into  these  baskets  and  taken  to  the  village,  where  the  baskets  of 
fish  are  placed  on  st^es  out  of  the  way  of  dogs.  The  mass  of  fish 
in  each  basket  is  frozen  in  a  few  minutes,  and  when  required  to 
take  them  out  they  have  to  be  chopped  out  with  an  axe  or  beaten 
with  a  club  to  divide  them  into  pieces  of  sufficient  size  to  feed  the 
dogs. 

"The  vitality  of  these  fish  is  astonishing.  They  will  remain  in 
those  grass  baskets  for  weeks,  and  when  brought  into  the  house 
and  thawed  out  they  will  be  as  lively  as  ever.  The  pieces  which 
are  thrown  to  the  ravenous  dogs  are  eagerly  swallowed,  the  ani- 
mal heat  of  the  dog's  stomach  thaws  the  fish  out,  whereupon  its 
movements  cause  the  dog  to  vomit  it  up  alive." 

The  lower  temperature  limit  is  set  to  fish  life  by  the  freezing 
point  of  the  medium,  32°  F.  for  fresh  water,  below  this  for  salt 
water.  The  upper  observed  limit  in  ponds  is  somewhere  near 
100  degrees.'  If  the  water  is  suddenly  raised  to  this  point,  fishes 
survive  but  a  few  seconds.  While  the  upper  limit  may  be  set  by 
the  effect  of  the  increased  heat  on  the  protoplasm,  its  efEect  may 
be  indirect  and  operate  through  the  reduction  in  the  amount  of  O 
held  in  suspension  by  the  warm  as  compared  with  the  cold  water. 
That  &hes  will  attempt  any  temperature  is  evidenced  by  the 
fact  that  they  occasionally  enter  water  in  the  National  Park  hot 
enough  to  boil  them. 

The  adaptability  of  fishes  to  different  temperatures  is  well  shown 
by  RMnickthys  dukis  which  is  found  in  the  streams  coming  from 
the  warm  springs  at  Banff  in  the  Canadian  National  Park,  and 
also  in  the  icy  waters  of  Vermilion  Creek  at  the  same  place.  The 
same  individuals  are  adjustable  within  wide  limits,  and  the  same 
species  is  sometimes  found  over  a  long  north  and  south  range. 
Nevertheless,  temperature  has  doubtless  played  an  important 
part  in  setting  a  northern  limit  to  the  migration  of  species,  as 
they  followed  the  retreating  ice  of  the  glacial  period.    In  North 

'  Jordao  and  Ricbaidson  (Proc.  U.  S.  Nat.  Mus.,  33  ;  319-311)  Ttcord  Lutamabromd 
from  a  hot  spring  with  4  temperature  of  laS"  F. 
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America  a  southward  migration  has  probably  not  taken  place  ^ce 
that  time. 

Fishes  of  cold  waters  are  primarily  members  of  the  families  of 
salmon  and  trout,  whitefish,  miller's-thumb,  and  blackfishes.  The 
check  by  cold  has  not  been  placed  on  any  mdividual  migration  or 
limits  set  to  the  adult.  Rkinichthys  dtdcis  and  the  many  species 
adapted  to  the  great  range  of  variatioD  in  the  temperature  in  any 
of  our  temperate  lakes  shows  this.  The  temperature  factor  de- 
termining distribution  is  set  rather  by  the  adaptation  of  the  eggs 
to  warm  or  cold  water.  Our  trout,  salmon,  and  whitefishes  breed 
largely  in  winter  when  the  temperature  is  low.  The  rate  of  de- 
velopment of  their  eggs,  like  that  of  all  cold-water  eggs,  is  slow. 
Tlie  warm-water  3[>ede3  are  warm-water  species  not  because  thdr 
individuals  are  incapable  of  entering  cold  water,  for  many  of  them 
do,  but  because  their  ^gs  will  not  develop  in  anything  but  water 
much  wanner  than  that  in  which  the  eggs  of  cold-water  species 
develop.  Their  eggs  are  of  rapid  development.  They  are  ad- 
justed to  fluctuaUons  in  temperature  and  they  reqwnd  to  such 
fluctuations  in  temperature  by  hastening  or  slowing  their  rate  of 
development.'  The  point  of  attack  of  temperatures  is  on  the  eggs 
and  young,  not  on  the  adult,  and  temperature  controls  distribu- 
tion through  its  influence  on  the  eggs. 

In  all  cold  waters  of  the  United  States  accessible  to  them,  trout, 
salmon,  and  whitefish  are  found.  Some  of  them,  the  brook  trout, 
Rocky  mountain  whitefish.  Coulter's  whitefish  and  salmon,  are 
adjusted  to  swift  currents;  others,  the  lake  trout  and  many  white 
fishes,  to  the  stagnant  waters  of  lakes.  Some  of  the  latter  are 
littoral  or  abysmal  or  pelagic,  depending  on  the  native  of  their 
food.  The  elevation  of  a  stream  has  probably  primarily  nothing 
to  do  with  the  distribution  of  its  inhabitants,  but  because  elevated 
waters  are  usually  cold  (and  frequently  swift)  all  accessible  moun* 
tain  waters  are  inhabited  by  cold-water  species.  The  number  of 
species  adjusted  to  cold  waters  is  not  as  great  and  their  affinities 

■The  cod  eggs  which  h&tch  in  thirty  days  at  a  temperature  of  from  0.0-3" C. 
hatch  in  thirteen  days  in  a  temperature  of  6-7.g°.  Herring  eggs  which  require  forty 
d«yi  at  a  temperature  of  3-3.9°  C.  hatch  in  eleven  at  a  temperature  of  i»-ii.9°;  the 
ihad  wliich  hatdiea  in  eleven  days  at  a  temperature  of  ti-^  hatches  in  three  to  fiv« 
days  in  a  temperature  of  from  10-13°. 
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are  npt  as  varied  as  those  adjusted  to  the  wanner,  more  accessible 
waters  of  the  central  and  southern  lowlands.  The  latter  are  the 
homes  of  the  black  bass,  sunfishes,  catfishes,  gar  pikes,  and  others. 

So  called  wann-water  species  are  capable  of  a  wide  range  of 
adjustment  to  differing  climates.  Wherever  a  north  and  south 
river  connects  warmer  with  colder  areas  in  which  the  species  are 
otherwise  different,  the  easy  route  of  migration  induces  some  species 
to  extend  their  range  into  otherwise  shunned  areas.  The  Missis- 
sippi has  induced  a  southward  migration  of  several  species  beyond 
their  normal  range,  the  NUe  has  extended  the  equatorial  African 
fauna  to  its  mouth.  But  the  most  notable  example  is  offered  by 
the  Madeira  and  Tapajos  to  Paraguay  and  La  Plata  waterway. 
It  extends  from  the  equator  south  to  a  latitude  equal  to  that  of 
Memphis.  Nearly  all  of  the  fishes  of  Buenos  Aires  belong  to  Ama- 
zonian genera  or  even  s[>ecies.  Only  one  or  two  Amazonian  genera 
have  succeeded  in  reaching  the  borders  of  the  United  States. 
Fifty  Amazonian  genera  have  reached  the  La  Plata  basin  that  have 
not  succeeded  in  going  an  equal  distance  south  on  the  Atlantic 
coast  where  they  did  not  have  the  facilities  or  inducement  of  a 
continuous  waterway. 

Current  and  Adjustment  to  It. — The  major  adaptation  of  all 
fresh-water  fishes  is  to  the  locomotion  of  water.  Most  fishes 
stand  head  upstream,  a  position  that  makes  the  respiratory  move- 
ment easiest  in  a  current.  Different  fishes,  and  in  some  cases  the 
same  fishes  at  different  seasons  of  the  year,  are  adjusted  to  the 
entire  range  of  variation  in  the  intensity  of  the  locomotion.  Water- 
falls only  are  not  inhabited  by  fishes,  but  even  these  are  ascended 
or  descended  if  not  too  high.  Different  species  of  the  Salmonidae 
give  us  examples  of  the  entire  range  of  adjustment  to  currents. 
Some  of  them  live  only  in  the  stagnant  water  of  deep  lakes.  Others 
live  only  in  swift  mountain  brooks. .  The  members  of  the  genus 
Coregonus  usually  Uve  in  the  st^nant  waters  of  lakes,  but  Core- 
gonus  coulteri  is  foimd  in  a  moimtain  torrent,  and  the  Tippecanoe 
Cisco,  which  Uves  in  the  stagnant  water  of  the  lake  during  the 
greater  part  of  the  year,  runs  up  the  tributaries  in  December. 
Other  whitefishes  and  trout  have  the  same  habit.  Different  fishes 
are  even  adjusted  to  the  differences  in  the  same  small  stream  in 
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which  quiet  pools  alternate  with  swift-flowing  ripples.  In  the 
Mississippi  Valley  the  riffles  are  occupied  by  darters,  in  Cuba  by 
gobiee,  in  South  America  by  charadns,  and,  although  belonging 
to  widely  different  families,  they  greatly  resemble  each  other. 

Light  and  Adjustments  to  It.  —  In  the  shallower  parts  of  dear 
water  the  fluctuations  in  light  from  day  to  night  are  but  little  less 
than  in  the  air.    Various  fishes  are  variously  adjusted  to  the 
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tight.  Some  are  nocturnal,  remaining  hidden  during  the  day,  as 
the  common  catfish.  Some  combine  stereotropism  with  their  neg- 
aUve  heliotropism,  and  take  shelter  in  crevices  and  under  rocks. 
The  light-shunning  habit  on  the  part  of  their  ancestors  doubtless 
accounts  for  the  cave-inhabiting  blindfishes  of  to-day.  Some 
diurnal  fishes  habitually  stay  in  the  shade  of  some  tree,  or  log,  or 
pier,  while  others  are  found  in  the  open.  There  seems  to  be  a 
complete  gradation  between  the  blindfishes,  which  always  live  in 
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total  darkness,  and  those  fishes,  like  some  sunfishes,  that  live  in 
total  b'ght,  as  far  as  this  exists. 

The  eye  is  not  the  only  light-perceiving  organ  of  aquatic  verte- 
brates. The  skin  is  sensitive  to  light  in  many  cases.  TTie  blind- 
fishes,  whose  eyes  are  not  functional  and  may  be  entirely  removed, 
nevertheless  appreciate  the  difference  between  Ught  and  dark. 
The  young  after  having  their  eyes  removed  are  as  senative  to 
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light  as  those  with  eyes,  and  the  entire  skin  seems  equally  soisitive 
to  light.  The  sight  of  the  nocturnal  fishes  is  worse  than  that  of 
owls,  and  their  eyes  are  but  little  used.  The  sight  of  the  posi- 
tively heliotropic  fishes,  on  the  other  hand,  is  good,  their  eyes  are 
large  and  they  depend  on  their  eyesight  for  food.  They  capture 
living  food  and  are  frequently  pelagic  in  habit.  Small-mouthed 
fishes  depending  on  their  eyes  for  food  will  not  take  food  that  is 
at  rest.  Small  fragments  of  meat  falling  through  the  water  will 
readily  be  seized  but  will  not  be  picked  up  from  the  bottom.  The 
great  variety  of  artificial  flies  and  gyratihg  baits  are  man's  adapta- 
tions to  the  fact  that  some  large-mouthed  fishes  also  select  their 
food  by  sight. 

Depth  and  the  Bottom,  and  Adjustments  to  Them.  —  No  system- 
atic study  of  the  bottoms  of  our  lakes  has  been  made  and  it  is 
hence  unknown  how  extensive  the  abysmal  fauna  is.  In  fishes 
ranging  in  deep  water  the  adjustment  is  probably  due  not  so  much 
to  the  dqith  itself,  as  to  the  things  that  go  with  depth.  Pressure 
increases  one  atmosphere  with  each  thirty  feet  in  depth,  plants 
disappear  beyond  a  few  feet,  and  with  the  plants  necessarily  disap- 
pear all  the  animals  (fish  food  for  the  most  part),  that  are  associ- 
ated with  the  plants. 

The  character  of  the  bottom  is  not  a  simple  element  Uke  tem- 
perature, light,  or  current.  There  is  a  graduation  from  mud  to 
gravel  and  rock  and  each  of  these  may  be  weed-covered  or  bare. 
But  whether  the  bottom  is  mud,  gravel,  or  rock  depends  on  cur- 
rent, lliat  certain  spedes  are  found  principally  on  one  bottom  or 
another  is  certain,  but  that  the  adjustment  is  to  the  character  of 
the  bottom  and  not  to  the  current  and  food  that  go  with  it  is 
doubtful. 

The  Biological  Environment  and  Adjustment  to  It.  —  Food  is  the 
controlling  factor  in  the  local  distribution  of  fishes  within  any 
unit,  as  chemical  composition  and  temperature  are  controlling 
factors  in  the  geographical  distribution  among  the  different 
units.  Food  itself  is  dependent  on  other  food  and  this  ultimately 
on  depth,  nature  of  bottom,  current,  and  the  other  elements  of  the 
physical  environment.  For  the  most  part  the  food  of  the  young  is 
essentially  different  from  the  food  of  the  adult  of  the  same  spedes, 
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and  consists  of  the  organisms  composing  the  plankton,  largely 
Entomostraca.  The  members  of  a  local  fish  fauna  are  distrib- 
uted in  the  following  ecological  groups:  pelagic,  littoral  (bottom 
fishes,  all  predacious  fishes),  and  nocturnal. 

To  these  should  be  added  abysmal  fishes,  but  nothing  is  known 
of  these  in  America  except  that  Triglopsis  is  found  in  deeper  water 
of  the  Great  Lakes. 

Pelagic,  abysmal,  littoral,  and  nocturnal  forms  are  such  as  find 
their  food  in  those  regions  or  times.  Their  adaptations  are  but 
secondary  adjustments  to  the  re^on  in  which  their  food  is  found. 
Everything  eatable  is  food  for  some  fishes  though  few  have  such 
omnivorous  tastes  as  to  take  the  entire  bill  of  fare.  The  skipjack 
{Lapidesles)  is  a  surface  ranger  and  occupies  as  definite  a  position 
under  the  surface  of  the  pelagic  area  of  our  lakes  as  the  swallows 
do  over  it.  Insects  and  all  other  minute  terrestrial  organic  mat- 
ters reaching  the  surface  of  the  water  find  a  lodgment  in  their 
stomachs.  Frequently  the  fish  darts  out  of  the  water  as  the 
swallow  dips  into  it  to  secure  its  food.  Its  food  is  not  confined  to 
terrestrial  strays,  but  it  also  takes  Entomostraca  and  Chironomus 
larvae.  Zygotiectes  and  Fundulus  also  range  near  the  surface  but 
nearer  the  shores.  In  the  mountain  lakes  in  which  the  skipjack 
is  not  found,  the  half-grown  whitefish  {Coregtmus  wiUiamsoni)  occu- 
pies the  same  ecological  niche.  In  Lake  Tahoe  on  June  evenings 
individuals  nine  inches  long  rise  to  gnats  blown  into  the  lake,  and 
they  can  then  be  caught  with  a  nunute  hook  baited  with  a  fly. 

In  the  American  tropics  a  killi£sh  with  half  its  eyes  adapted  to 
seeing  in  air  and  the  other  half  adapted  to  seeing  in  water  also 
ranges  on  the  surface.  Larger  objects  reaching  the  surface  of  the 
water  are  secured  by  black  bass,  trout,  and  other  fishes  that  range 
and  poise  in  deeper  water  and  "rise"  to  their  prey  near  the  sur- 
face as  the  kingfisher  dives  for  his.  All  fishes  that  rise  to  arti- 
ficia!  bait,  grasshoppers,  etc.,  belong  to  this  group.  Some  trout 
rise  more  readily  to  a  mouse  but  for  esthetic  reasons  this  cannot  be 
recommended  for  bait. 

Another  series  of  pelagic  fishes  is  formed  by  the  plankton  feeders. 
There  are  several  sorts  of  these.  The  young  of  most  fishes,  the 
sunfishes  and  minnows  and  some  whitefishes,  see  thdr  minute 
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prey  and  deliberately  pick  it  from  the  water.  Such  are  provided 
with  teeth  either  in  their  mouths  or  in  their  gullets.  Another 
series  probably  including  the  spoonbill  catfish  take  in  large  quanti- 
ties of  water  and  strain  the  plankton  from  it.  They  have  weak 
teeth  or  none  and  specially-adapted  gill  rakers  for  straining  the 
water. 

The  various  darters,  a  peculiar  American  product,  are  all  lit- 
toral. They  rest  on  their  pecbuials  on  the  bottom  in  shallow 
water.  With  head  erect  and  eyes  protruding  they  are  ready  for 
anything  that  moves  within  their  range  of  vision.  They  are  found 
among  weeds  and  gravel,  chiefly  in  flowing  water  so  shallow  that 
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the  surface  is  rippled. '  Associated  with  them,  or  in  places  similar 
to  these,  in  favorable  localities,  are  miller's-thumbs.  The  pirate 
perch  and  trout  perch  should  probably  also  be  placed  here. 

Other  bottom  fishes  with  sucker  mouth  and  elongate  alimentary 
canal  are  found  over  mud  bottoms.  These  include  Camposioma, 
suckers,  carp,  and  sturgeon  in  North  America.  In  tropical  America 
their  place  is  taken  by  peculiar  armored  relatives  of  the  catflshes, 
the  Loricariidae.  Lastly,  the  laige,  predacious  fishes  treat  the 
smaller  fishes  as  they  in  thdr  turn  treat  the  plankton.  Here  be- 
long the  muscalonge,  the  pickerels,  salmon  trout,  and  the  basses. 
Our  nocturnal  catfishes  and  the  ubiquitous  eel  are  omnivorous. 
They  take  what  they  can.  Everything  that  tastes  or  moves  and 
is  within  reach  is  food  for  the  nocturnal  catfish.  Some  blindfishea 
planted  in  a  pool  had  a  way  of  disappearing  that  was  mysterious, 
imtO  the  pool  was  drained  and  the  sardonic  catfish,  lurking  under  a 
rock  and  found  in  possession  of  the  last  blindfish  partly  digested, 
solved  the  mystery. 

Fishes  are  adapted  to  their  food  in  structure  as  well  as  habit. 
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The  dentition  varies  from  none  at  all  to  the  crushing  apparatus  of 
the  white  perch,  the  cutting  incisors  of  some  of  the  killi fishes  and 
the  rasplike  patches  of  the  teeth  of  the  muscalonge.  The  mouth 
varies  in  position,  shape,  and  size  according  to  the  food,  from  the 
veatrally-placed  sucker  mouth  to  the  upward-pointing  mouth  of 
Zygonecks;  from  the  small  mouth  of  the  cisco  to  the  capacious  maw 
of  the  muscalonge.  The  gill-rakers  vary  from  none  to  the  com- 
plicated strainers  of  the  spoonbill  catfish.  The  alimentary  canal 
also  varies  with  the  food  from  the  short  canal  of  the  flesh  eaters 
to  the  convoluted  tube  many  times  as  long  as  the  fish  in  the  mud 
eaters.  That  fishes  are  a  very  adaptable  group  is  shown  by  the 
fact  that  in  South  America  a  single  family,  the  characins,  have 
the  widest  range  of  adaptadon  is  the  alimentary  canal  to  different 
food.  Forbes  has  pointed  out  that  the  minnows  of  North  America 
are  adjusted  to  a  great  variety  of  food.  He  distinguishes  four 
groups:  (i)  Intestine  two  to  nine  times  as  long  as  the  fish,  pharyn- 
geal teeth  not  hooked,  with  grinding  surface,  (z)  Intestine  one  to  one 
and  two-thirds  times  as  long  as  the  fish,  pharyngeal  teeth  hooked, 
with  grinding  surface.  (3)  Intestine  somewhat  shorter  than  the  fish, 
teeth  hooked,  with  grinding  surface.  (4)  Intestine  usually  shorter 
than  the  head  and  body,  teeth  hooked,  without  grinding  surface. 
Concerning  the  relation  of  these  structures  Forbes  says: 
"It  is  consequently  from  a  comparison  of  the  ratios  of  these 
groups  that  we  shall  derive  the  most  interesting  facts  relating  to 
the  correspondence  of  food  and  structure.  The  most  conspicuous 
result  is  the  great  preponderance  of  mud  in  the  intestines  of  the 
fishes  of  the  first  group,  characterized  by  an  extraordinarily  elon- 
gate intestine,  and  by  pharyngeal  teeth  destitute  of  hooks  and  pro- 
vided with  a  broad  grinding  suriace.  Here,  as  already  noted, 
mud,  sand,  and  gravel  amount  to  about  three-fourths  of  the  mat- 
ter ingested,  while  in  the  third  and  fourth  groups  only,  trivial  and 
accidental  quantities  occurred.  In  the  second  group,  on  the  other 
hand;  with  intestines  intermediate  in  length,  mud  was  still  abundant, 
but  much  less  so  than  in  the  first,  averaging  less  than  half  the 
whole.  If  we  exclude  this  indigestible  matter,  however,  we  shall 
find  the  first  group  still  further  distinguished  by  the  predominance 
of  vegetation  as  compared  with  animal  matter,  the  latter  being 
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only  about  one-third  the  former,  while  in  groups  three  and  four, 
on  the  other  hand,  vegetation  amounts  to  about  one-third  the 
animal  food.  The  groups  last  mentioned,  distinguished  from  each 
other  as  they  are  only  by  the  presence  of  a  masticatory  surface 
on  the  pharyngeal  teeth  in  the  first,  and  its  absence  in  the  second, 
differ  scarcely  at  all  in  their  general  food  characters,  and  this 
structural  feature  seems  therefore  to  be  of  little  significance.  In 
both  the  atumal  ratio  amounts  to  seventy-five  per  cent,  and  vege- 
tation stands  in  each  at  twenty-five;  while  insects  are  respectively 
fifty  and  sixty-one." 

Recently  FUtter  has  maintained  that  fishes  absorb  food  in  solu- 
tion in  the  water.  He  found  that  a  goldfish  lived  for  forty-one 
days  in  tap  water  which  contained  no  organized  food  and  the 
oxygen  consumed  substantially  accounted  for  the  loss  in  weight. 
When  organic  substances  were  dissolved  in  the  tap  water,  the  goldfish 
siuvived  for  seventy-eight  days,  and  the  oxygen  consumed  greatly 
exceeded  the  amount  that  would  account  for  the  loss  in  weight. 

Food  according  to  its  nature  may  be  detected  by  sight,  perception 
of  vibrations,  touch,  smell,  or  taste. 

Food  is  detected  by  sight  in  most  fishes.  Many  fishes  will 
seize  an  object  that  is  in  motion  without  discrimination  as  to 
what  it  is  provided  it  is  the  right  size.  If  it  is  suitable  for  food 
that  fact  is  discovered  by  touch  or  taste,  or  both,  in  the  mouth 
and  the  object  is  swallowed.  If  it  is  not  fit  for  food  it  is  rejected. 
It  is  evident  that  in  such  cases  sight  only  locates  the  moving 
object,  other  senses  distinguish  its  nature. 

Neither  friend  nor  foe  of  the  fishes  discloses  his  presence  by 
sound,  but  frequently  does  so  by  vibrations  of  lower  frequency. 
It  is  extremely  doubtful  whether  any  sound  produced  over  water 
is  heard  by  fishes  in  the  water.  The  sounds  of  the  air  are  scarcely 
capable  of  passing  the  surface  of  the  water  to  an  extent  to  be  per- 
ceived by  an  ear  under  water  as  highly  developed  as  that  of  man. 
The  ears  of  fishes  are  much  more  simple  than  those  of  man.  The 
ability  on  the  part  of  fishes  to  hear  at  all  has  been  disputed,  but 
Parker  *  has  recently  made  experiments  that  ^ow  conclusively 
that  fishes  hear  sounds  produced  under  water. 
>  Bull  U.  S.  Fish  Com.,  11 :  45-^4. 


.dbyCoOgIc 


Io6o  FRESH-WATER  BKAXXJY 

In  over  half  of  our  fresh-water  fishes  the  air  bladder  is  connected 
by  a  chain  of  ossicles  with  the  ear.  In  some  of  them  the  air 
bladder  comes  in  contact  with  the  skin  in  an  area  just  behind  the 
head.  The  intercostal  muscles  are  not  developed  at  this  place  and 
a  form  of  tympanum  is  thus  produced.  It  has  been  suggested  that 
this  Webeiian  apparatus,  as  it  is  called,  is  in  reality  an  auditory 
organ;  that  it  is  a  static  apparatus  controlling  the  rising  and  ink- 
ing of  the  fish  in  water;  that  it  is  a  manometer  acquainting  the 
fish  with  the  degree  of  pressure  that  is  exerted  by  the  gases  in  the 
air  bladder  against  its  walls;  that  it  is  a  barometer  acquainting 
the  fish  with  the  variations  in  the  atmospheric  pressure;  that  it  is 
a  sotmd  producer.  Judged  by  its  structure  alone,  in  some  forms 
the  air  bladder  is  divided  into  two  small  lateral  parts  connected 
with  the  ossicles,  the  rest  of  the  air  bladder  having  disappeared,  it 
seems  more  than  probable  that  it,  is  an  oi^an  for  the  perception  of 
sound. 

Vibrations  of  lower  frequency  than  those  producing  sound,  such 
as  may  be  produced  by  waves  or  bodies  falling  into  the  water,  are 
perceived  by  the  lateral  line  organs  of  fishes.  The  lateral  line 
organs  of  the  head  of  the  blindfishes  are  greatly  exaggerated  and 
their  ability  to  perceive  vibrations  enables  these  fishes  to  secure 
living  prey  with  precision.  The  lateral  line  organs  of  the  head 
take  the  place  of  the  eyes  of  pelagic  fishes  in  detecting  food.  Fer- 
nandus  Payne  succeeded  in  getting  an  Amblyopsis  to  respond  to 
the  water  dripping  into  its  aquarium.  It  would  rise  to  the  point 
where  the  drop  of  water  struck  and  would  try  to  seize  it  by  snap- 
ping at  it.  Perception  of  vibrations  by  the  lateral  line  organs  of 
the  head  enabled  it  to  locate  the  point  of  impact  of  the  water. 
Touch,  taste,  or  smell  could  have  nothing  to  do  with  it.  These 
fishes  may  touch  recently-crushed  amphipods  on  which  they  feed 
without  paying  any  attention  to  them  unless  a  stray  leg  is  still 
moving.  They  will  readily  take  meat  attached  to  a  string  held  in 
the  hand  to  give  it  motion. 

Many  fishes  are  conscious  of  the  presence  of  food  by  perceiving 
it  either  through  the  sense  of  smell,  touch,  or  taste.  Parker  has 
demonstrated  that  the  catfish  can  detect  minced  earthworms  by 
its  sense  of  smell.    The  elaborate  experiments  of  Herrick  with 
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codfishes  have  shown  that  their  sense  of  smell  gives  them  but 
v^ue  information,  while  the  senses  of  touch  and  taste,  whose  organs 
are  found  over  the  entire  body,  enable  the  catfish  to  detect  and 
secure  any  food  coming  in  contact  with  any  part  of  the  body.  In 
contrast  to  the  blindfishes  (Amblyopsis)  of  the  Ohio  Valley  caves, 
the  Point  Loma  blindfish  secures  its  food  through  touch  and  taste. 
A  hungry  Point  Loma  blindfish  with  a  stroke  of  the  fins  brings 
the  mouth  in  position  for  operations  as  soon  as  any  portion  of  its 
skin,  especially  of  the  head,  comes  in  contact  with  food. 

Fisk  Enemies.  —  The  enemies  of  fishes  are  the  mink,  otter,  an 
occasional  raccoon  and  cat  among  the  mammals;  the  kingfisher, 
herons,  ducks,  loons,  and  terns  among  birds;  an  occasional  bull- 
frog and  possibly  Neclurus  among  batrachians;  several  snakes, 
and  many  fishes,  spawn  eaters,  fry  catchers,  lampreys,  and  adult- 
eating,  predacious  fishes. 

The  otter  as  a  fish  enemy  has  been  practically  eliminated.  The 
occasional  fish  caught  by  the  mink  and  raccoon  will  form  but  a 
smaU  annual  total.  In  fact,  by  the  changes  incident  to  advancing 
civilization,  all  but  the  aquatic  enemies  of  the  fishes  have  been 
reduced  to  a  point  where  their  depredations  can  have  but  little 
selective  value. 

Fishes  evidently  could  avoid  terns  and  kingfishers  by  living  below 
the  few  inches  penetrated  by  these  divers.  But  the  advantages  of 
food  near  the  surface  evidently  outweigh  the  danger  of  being 
caught,  as  long  as  a  sudden  dive  or  a  dart  forward  will  enable  the 
fish  to  escape. 

Herons  and  ducks  are  avoided  by  selecting  water  too  deep  for 
these  enemies.  Color  and  swiftness  are  probably  other  adapta- 
tions to  the  same  enemies.  The  darter  sits  with  outspread  pec- 
torals on  the  bottom  of  a  stream  or  lake  within  easy  reach  of  a 
heron.  A  sudden  motion  of  the  powerful  pectorals  and  he  sits  as 
composedly  somewhere  else.  The  dart-like  motion  which  gives  the 
darter  its  name  is  an  adaptation  to  secure  food  and  avoid  enemies. 
Swiftness,  inconspicuousness,  or  ability  to  enter  retreats  are  the 
means  of  defense  against  the  loon  and  his  ilk.  However,  none 
of  the  devices  are  always  efficient. 

The  greatest  enemy  of  fishes  is  the  spawn  stealer.    At  Lake 
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Tahoe  the  dead  trout  eggs  from  the  hatchery  were  daily  thrown 
into  the  lake.  While  no  fish  might  be  in  evidence  a  handful 
of  trout  eggs  was  sure  to  bring  a  bullhead  {Coitus  beldingt)  from 
under  every  rock.  The  same  thing  happened  when  the  young 
trout  fry  were  planted  in  the  brooks.  The  adaptations  of  the 
black  bass,  sunfish,  and  Amia  against  depredations  in  their  nests 
have  already  been  given.  No  doubt  many  young  fishes  are  eaten 
by  minnows  and  sunfishes.  A  half-starved  sunfish  captured  in  a 
cave  began  to  pick  out  the  larval  blindfishes  in  his  pail,  with  neat- 
ness and  dispatch,  as  soon  as  there  was  light  enough  for  it  to  see 
them.  The  herding  or  schooling  of  their  young  by  many  fishes,  as 
an  adaptation  against  enemies,  has  been  described  before.  Against 
their  predacious  neighbors  strength,  agility,  endurance,  and  color 
are  the  adjustments.  The  dispersal  of  a  school  and  the  leap  out 
of  the  water,  reaching  its  maximum  in  the  flight  of  the  flying  fish, 
are  all  adaptations  to  escape  specific  attacks.  Aside  from  these 
general  adaptations  in  the  habit,  structural  adaptations  against 
fish-eating  enemies  are  also  found. 

The  stickleback  has  divei^nt,  erectile  spines  that  can  be  locked 
when  erected.  This  arrangement  is  altruistic  rather  than  egoistic. 
While  it  does  not  prevent  a  duck  or  other  animal  from  eating  an 
occasional  stickleback  the  duck  is  not  likely  to  be  tempted  by  a 
second  stickleback.  More  eflfective  weapons  are  the  erectile  dorsal 
and  pectoral  spmes  of  the  catfishes.  In  the  stone  cats  the  spine 
is  surrounded  by  glandular  tissue  producing  poison.  The  spine  in 
entering  an  opponent  pierces  the  gland  and  carries  some  of  the 
poison  into  the  wound. 

Color  must  be  looked  upon  as  an  adjustment  to  light  in  the 
presence  of  enemies.  The  amount  of  color  on  the  suriace  of  a 
fish  is  proportionate  to  the  intensity  of  the  light  in  the  environment. 
The  arrangement  of  the  color  is  conditioned  by  the  surroundings. 
Its  presence  is  an  adaptation  to  the  physical  environment  and  its 
arrangement  is  an  adaptation  to  the  biological  environment.  All 
animals  living  for  generations  in  caves  become  bleached  and  finally 
lose  all  pigment.  Nocturnal  fishes  are  in  large  measure  black. 
Bottom  fishes,  like  the  darters,  hog  sucker,  miller's-thumb,  are 
mottled  and  crossbarred.    Weed-inhabiting  species  are  barred  (yel- 
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low  perch),  striped  (black  bass),  or  mottled  (pickerels,  sunfishes, 
etc.)-  Large  size  and  strength  are  the  best  adaptations  against 
existing  fish  enemies.  Small  size  and  insignificance  are  advan- 
tageous for  other  reasons.  Between  these,  alertness,  with  power 
of  quick  movement,  and  protective  color  are  the  most  efficient 
means  of  escaping  enemies. 

But  all  of  these  adaptations  are  not  always  sufficient.  The 
most  insidious  of  the  fish  enemies  is  the  lamprey. '  So  perfect  is 
its  means  of  attachment  to  its  prey,  that  such  a  hard-scaled  and 
vigorous  fish  as  Amia  calva  Can  rarely  prevent  the  attachment 
and  adhesion,  although  the  most  violent  efforts  be  made.  If  a 
lamprey  is  attached  to  a  stone  of  moderate  size,  the  stone  is  fre- 
quently brought  out  with  the  fish  if  the  animal  is  jerked  up  sud- 
denly. In  letting  go  its  hold  all  that  is  necessary  is  to  fill  the  disc 
with  water  from  the  respiratory  bronchus,  whereupon  suction 
ceases  and  the  animal  is  free.  In  feeding,  the  sharp  teeth  pressed 
against  the  skin  of  the  animal  to  which  it  is  attached  naturally 
call  the  blood  to  the  place.  This  hyperaemia  is  caused  even  more 
by  the  suction.  At  the  same  time  the  piston-like  tongue  with  its 
powerful  muscles  and  the  saw-like  teeth  soon  rasp  a  hole  through 
the  skin.  The  blood  is  then  sucked  from  the  fish  and  -swallowed. 
The  whole  operation  is  something  like  the  extraction  of  blood  by  a 
leech.  The  lamprey  may  remain  upon  a  fish  so  long  as  the  latter 
supplies  sufficient  nutriment.  Sometimes  the  fish  becomes  ex- 
ceedingly pale  and  weak  so  that  it  floats  near  the  surface.  In 
such  a  case,  the  fishermen  know  immediately  that  there  is  a  lam- 
prey attached  to  the  fish,  and,  with  a  dip  net,  usually  have  no  great 
trouble  in  catching  both.  The  birds  of  prey  also  make  this  thdr 
opportunity  and  frequently  carry  off  the  floating  fish,  the  lamprey 
sometimes  remaining  attached  until  it  has  been  carried  a  consid- 
erable distance  into  the  air. 

That  the  injury  to  the  food  fishes  is  very  great  may  be  inferred 
from  the  fact  that  sometimes  out  of  fifteen  catfish  caught  on  4  set 
line  in  one  night,  ten  to  twelve  have  great  raw  sores  where  lamprej's 
have  attacked  them.  In  the  spring,  too,  when  the  suckers  (Caiosto- 
mus)  run  up  to  spawn,  very  many  of  them  carry  a  lamprey,  and 
naturally  by  the  great  drain  of  blood  it  causes,  the  fish  must  be 
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weakened,  so  that  obstacles  on  the  way  to  the  spawning  ground 
are  less  liable  to  be  surmounted  than  if  the  fish  were  in  full  vigor. 
In  South  America  small  catfishes  live  in  the  gills  of  larger  catfishes. 

Origin  of  Adapted  Faunas.  —  It  has  been  shown  that  the  major 
adaptations  of  fresh-water  fishes  were  acquired  by  their  ancestors 
before  they  were  eligible  to  a  fresh-water  existence. 

The  origin  and  modification  of  the  cave  fauna  gives  us  a  con- 
crete example  of  the  change  of  location,  resulting  from  predestined 
adaptation  and  of  subsequent  minor  adaptations.  Caves  are  at  the 
preset  time  being  colonized  by  the  immigration  of  salamanders  of 
the  genus  Spelerpes  and  other  animals  that  have  become  adapted 
to  a  cave  existence  through  their  habit  of  living  in  the  dark  under 
rocks,  bark,  and  other  similar  places.  The  adaptation  to  the  con- 
ditions of  cave  existence  in  this  case  determines  the  change  of 
location  when  the  opportunity  arises. 

That  minor  adaptations  will  occur  in  these  after  they  have 
become  exclusively  cave  forms,  is  shown  by  the  structure  of  the 
permanent  cave  salamanders  of  Missouri  and  Texas.  These  have 
in  large  measure  lost  their  color  and  have  degenerate  eyes. 

A  somewhat  more  complex  example  is  furnished  by  the  history  of 
the  Horse  -Cave  River,  At  Horse  Cave,  Kentucky,  a  wide  valley 
extends  north  and  south.  Tributary  valleys  come  from  the  east  and 
west.  The  hills  bordering  these  valleys  are  Umestone  capped  with 
sandstone.  The  north  and  south  valley  was  formed  by  the  Horse 
Cave  River  that  originally  flowed  over  sandstone  like  that  capping 
the  bordering  hills.  No  doubt  it  had  a  fauna  as  varied  as  that  of 
any  surface  stream.  The  stream  cut  first  through  the  sandstone, 
then  through  the  limestone.  When  it  had  reached  the  easily  <Us- 
solving  limestone  of  the  Kentucky  caves  and  Green  River  had  cut 
some  distance  below  the  surface  of  this,  some  part  of  its  water, 
later  more  and  more,  found  its  way  to  the  Green  River  by  under- 
ground channels.  To-day  not  a  sign  is  seen  on  the  surface  of  the 
streams  that  are  responsible  for  the  valley  about  Horse  Cave.  At 
least  one  of  them  rushes  through  lofty  chambers  one  hundred 
eighty-five  feet  beneath  the  streets  of  Horse  Cave  City.  Wth 
this  change  in  the  environment,  with  the  disappearance  of  Horse 
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Cave  River  from  the  surface,  its  inhabitants  had  to  migrate. 
They  moved  in  two  directions  to  adapted  environments.  The 
shore  fishes  and  channel  fishes  moved  out  to  the  Green  River 
where  their  descendants  live  to  the  present  day.  The  negatively 
heliotropic,  nocturnal,  or  stereotropic  fishes  moved  into  the  holes 
dissolved  in  the  bottom  of  the  river.  Their  descendants  live,  at 
the  present  time,  in  the  stream  below  or  within  the  valley.  They 
are  colorless  and  all  but  eyeless,  and  have,  no  doubt,  acquired  this 
exaggerated  adaptation  to  their  present  abode  since  their  immi- 
gration. But  the  major  adaptation  to  the  cave  existence  they 
possessed  before  the  formation  of  the  caves,  and  it  was  re^wnsible 
for  their  migration  to  their  present  habitat. 

As  was  pointed  out  in  the  opening  paragraphs,  the  fauna  of  the 
glaciated  region  of  North  America  has  similarly  been  derived  by 
immigration  from  the  south  and  possibly  the  ocean  and  Siberia  to 
the  north  and  west.  The  Great  Lake  Basin  has  but  twenty-seven 
of  its  one  hundred  fifty-two  species  peculiar  to  itself;  five  are  but 
varieties  of  more  southern  species  and  the  remaining  twenty-one 
more  than  represent  the  extent  to  which  its  fauna  has  become 
adapted  in  this  area  for  some  of  them  (eight  Sahnonidae  and  eight 
Cottidae)  are  cold-water  species  that  may  have  been  crowded  out  of 
the  region  south  of  the  basin  by  the  encroaching  beat  after  the 
passing  of  the  glacial  epoch. 

The  selective  migration  to  adapted  locations  must  be  added  to 
the  factors  contributing  to  the  origin  of  adapted  faunas.  This 
factor,  "change  of  location,"  is  as  important  to  the  origin  of 
adapted  faunas  as  the  "change  of  function"  to  the  origin  of 
adaptive  structures.  Innumerable  minor  adaptations  to  beat, 
sediment,  light,  food,  and  to  the  peculiar  combinations  found  in 
each  selected  locality  have  no  doubt  arisen  in  such  localities. 
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CHAPTER  XXXI 
TECHNICAL  AND   SANITARY   PROBLEMS 

By  GEORGE  C.  WHIPPLE 

Pnfuar  Iff  Saailary  BHtiaarhif,  BanarJ  UmtaiUy 

There  are  several  very  practical  problems  of  fresh-water  biology 
which  deserve  con^deration,  and  which  will  be  treated  briefly  in 
this  chapter.  They  relate  chiefly  to  some  of  the  smallest  organisms 
found  in  fresh  water,  —  the  bacteria  and  the  plankton.  There  are 
other  problems,  to  be  sure,  which  have  to  do  with  larger  organisms, 
but  most  of  these  have  been  referred  to  in  the  various  chapters 
which  have  gone  before. 

First  and  foremost  is  the  problem  of  disease  transmisaon.  Patho- 
genic bacteria  are  not  normally  present  in  natural  fresh  waters, 
but  rivers  and  lakes  in  inhabited  regions  are  subject  to  pollutitm 
with  the  excrement  of  gnimak  and  himian  beings  and  such  excre- 
mentitious  substances  are  liable  to  contain  the  germs  of  disease. 
The  adoption  of  the  water  carriage  system  of  sewerage  about  the 
middle  of  the  nineteenth  century  greatly  increased  these  chances 
of  fresh-water  contamination.  Water  which  contains  excrementi- 
tious  matter  or  bacteria  of  fecal  origin  may  be  said  to  be  con- 
taminated; if  bacteria  are  actually  present  the  water  is  said  to  be 
infected.  The  most  noteworthy  diseases  which  are  water-borne 
are  typhoid  fever,  Asiatic  cholera,  and  dysentery,  but  there  arc 
other  water-borne  diseases,  for  contaminated  water  may  contain  the 
s^res  of  other  bacteria,  molds,  and  the  ova  of  parasitic  worms. 
Fresh  water  also  may  serve  as  a  medium  within  which  mosquito 
larvae  grow  and  from  which  mosquitoes  emerge.  Special  kinds  of 
mosquitoes  play  an  important  part  in  the  transmisaon  of  yellow 
fever  and  certain  other  diseases.  Then  there  may  be  indirect  as  ■ 
well  as  direct  relations  between  man  and  the  microorganisms  found 
in  water. 

Microscopic  organisms  form  the  basis  of  the  food  supply  of 

fidies  and  thus  indirectly  contribute  to  human  sustenance.    Oysters 
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feed  chieSy  upon  diatoms.  The  smaller  Crustacea  feed  upon 
bacteria  and  minute  algae  and  protozoa,  and  are,  in  turn,  devoured 
by  larger  organisms. 

In  the  public  water  supplies  the  appearance  of  algae  and  proto- 
zoa in  large  numbers  is  the  occasion  of  complaint  by  the  water 
consumers,  for  these  organisms  make  the  water  unfdghtly  and  ill 
smelling.  They  also  dog  filters  and  increase  the  cost  of  water 
purification. 

Water  as  a  Coraeyor  of  Disease  Germs.  There  are  few  if  any 
bacteria  pathogenic  to  hiunan  beings  which  are  naturally  found  in 
fresh  waters.  Trouble  comes  only  when  waters  become  infected 
with  pathogenic  bacteria  derived  from  other  human  beings  or  from 
animals.  Such  bacteria  do  not  thrive  and  multiply  in  natural 
waters  so  far  as  is  now  known  but  are  merely  mechanically  trans- 
ported by  water.  Furthermore,  instead  of  multiplying  in  water 
pathogenic  bacteria  tend  to  decrease  in  numbers  after  the  time  of 
infection.  This  is  an  important  practical  matter  as  it  greatly 
affects  the  safety  of  all  public  water  supplies.  For  example,  a 
rapidly  flowing  stream  may  convey  infection  for  long  distances  in 
a  short  time,  while,  on  the  other  hand,  a  lake  or  public  reservoir 
may  store  the  water  for  so  long  a  time  that  there  is  opportunity  for 
dangerous  bacteria  to  die. 

The  longevity  of  pathogenic  bacteria  in  water  depends  upon 
many  things  among  which  may  be  included  the  original  character 
of  the  bacteria  themselves,  the  temperature  of  the  water,  the  oppor* 
tunities  for  sedimentation  and  destruction  by  other  organisms,  the 
effect  of  sunlight,  etc.  Using  genera!  figures  it  may  be  said  that 
under  average  conditions  about  70  per  cent  of  typhoid  fever  bac- 
teria will  disappear  the  first  week,  90  per  cent  during  the  first  two 
weeks,  and  99  per  cent  during  six  weeks.  They  will  live  longer 
in  cold  water  than  in  warm  water.  That  is  why  most  of  the 
water-borne  tj^ihoid  fever  epidemics  have  occurred  during  the  odd 
■  months  of  the  year.  The  spirillum  of  Asiatic  cholera  is  known  to 
behave  in  a  similar  manner  but  less  is  known  in  regard  to  the  rate 
at  which  it  dies.  There  is  some  reason  to  believe  that  it  has  a 
shorter  life  in  water  than  the  typhoid  fever  bacillus.  There  b 
a  group  of  bacteria  presumably  of  intestinal  ori^  which  give 
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rise  to  dysentery  and  various  diarrhceal  disturbances.  Presumably 
these  bacteria  behave  in  the  same  manner  as  the  typhoid  fever 
bacillus. 

The  routine  methods  of  bacteriology  at  the  present  time  do  not 
permit  of  a  trustworthy  determination  of  the  above-mentioned 
pathogenic  bacteria.  It  is  true  that  in  some  instances  such  have 
been  isolated  from  water  but  the  process  is  a  difficult  one  and  n^a- 
tive  results  are  of  little  value.  This  being  the  case,  modem  sani- 
tarians do  not  attempt  to  determine  the  safety  of  water  by  searching 
for  these  pathogenic  organisms.  Instead  they  make  tests  to 
determine  the  presence  and  abundance  of  an  organism  which  is 
commonly  found  in  the  intestines  of  man  and  warm  blooded  a"imfl1i' 
generally  known  as  badllus  coli.  This  test  can  be  made  with  a 
fair  degree  of  reliability  and  it  is  much  used. 

B.  Coli  as  an  Index  of  Contamination.  Unpolluted  ground  waters 
contain  practically  no  B.  coli  but  in  proportion  as  waters  are  subject 
to  contamination  with  excremental  substances  the  numbers  of  B. 
coli  increase.  All  surface  waters  are  likely  to  contain  these  germs, 
but  in  unpolluted  sources,  such  as  uninhabited  woodland  areas,  the 
numbers  are  very  small  indeed.  Even  the  broad  waters  of  the 
Great  Lakes  contain  B.  coli  in  small  numbers  though  very  often 
they  are  absent  from  the  quantities  usually  used  in  the  test.  Rivers 
which  drain  farm  lands  contain  B.  coli  in  larger  munbers;  streams 
and  fresh  waters  which  receive  sewage  contain  them  in  still  larger 
numbers.  B.  coli,  therefore,  may  be  fairly  regarded  as  a  valuable 
index  of  fecal  contamination.  This  is  so  far  true  that  the  U.  S. 
government  has  established  bacteriological  standards  for  drinking 
water  served  by  interstate  carriers  which  includes  a  permissible 
limit  for  the  number  of  B.  coli.  As  stated  by  the  U.  S.  Public 
Health  Service,  waters  in  which  B.  coli  are  absent  from  two  out 
of  five  portions  of  10  £c.  may  be  used,  but  waters  in  which  B.  coli 
K  found  in  three  or  more  out  of  five  10  cc,  portions  would  be  con- 
demned. The  dividing  line  apparently  comes  at  a  figure  which  is 
about  150  B.  coli  per  liter  of  water.  The  whole  subject  of  B.  coH 
in  water,  the  methods  of  its  determination,  and  the  interpretation 
of  its  results  is  one  which  is  now  going  through  a  series  of  evolu- 
Honary  changes.      The  reader  is  therefore  referred  to  current 
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scientific  bacteriological  literature  and  especially  to  the  papers 
which  appear  in  the  American  Jouinal  of  Public  Health. 

Numbers  of  Bacteria  in  Water.  There  are  two  general  methods 
used  for  determining  the  numbers  of  bacteria  in  water.  By  the 
first  method  nutrient  gelatine  is  used  as  the  culture  medium  and 
the  period  of  incubation  is  48  hours  at  20°  C.  According  to  the 
second  the  media  is  nutrient  agar  and  the  period  of  incubation  is 
24  hours  at  37°  C.  Both  of  these  methods  are  useful  but  the  gela- 
tine method  has  been  used  more  than  the  other.  Neither  method 
gives  absolute  results;  the  figures  are  relative  in  both  cases. 

The  numbers  of  bacteria  as  determined  by  the  gelatine  caant 
vary  all  the  way  from  less  than  100  in  relatively  clean  waters  to 
many  thousands  in  waters  which  are  dirty  and  polluted.  For 
drinking  purposes  it  is  generally  considered  that  ^e  number  of 
bacteria  determined  by  this  method  should  be  less  than  100  per  cc. 
The  numbers  of  bacteria  in  streams  vary  greatly  according  to  the 
rainfall.  Very  heavy  rains  wash  the  surface  of  the  ground  and 
increase  the  ruunbers  of  bacteria  in  the  drainage  water.  The  sew- 
age of  dties  contains  anywhere  from  a  few  hundred  thousand  to 
several  million  bacteria  per  cc.  These  bacteria  are  of  many  sorts, 
but  most  of  them  are  saprophytic  in  character  and  in  water  which 
contains  organic  matter,  even  in  small  amounts,  they  are  likely  to 
multiply  enormously  in  the  course  of  a  day  or  two.  Hence  bac- 
terial counts  mean  nothing  unless  the  samples  are  examined  im- 
mediately after  collection.  They  also  mean  little  unless  the 
bacteriologist  has  a  knowledge  of  the  character  of  the  waters. 

Removai  of  Bacteria  from  Water.  The  best  method  of  removing 
bacteria  from  water  is  the  process  of  filtration.  There  are  two 
general  methods  in  use  at  the  present  time,  slow  sand  filtration  and 
mechanical  filtration.  In  the  former  process  the  water  is  filtered 
slowly  downward  through  a  bed  of  sand  at  such  a  rate  that  the  water 
above  the  sand  descends  ten  to  twenty  feet  in  the  course  of  a  day. 
By  sedimentation  within  the  pores  of  the  sand  bed  and  by  the 
adhesion  of  the  bacteria  to  the  sand  grains  at  or  just  below  the 
surface  of  the  filter  the  bacteria  are  removed  from  the  water.  The 
process  is  partly  phydcal,  partly  biological.  The  method  is  capable 
of  removing  upwards  of  99  per  cent  of  bacteria  from  moderately 
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polluted  waters  and  experience  has  shown  that  the  waters  are 
thereby  rendered  entirely  safe  for  drinking. 

By  the  mechanical  sj^tem  of  filtration  the  water  is  first  coagu- 
lated by  the  use  of  chemicals  and  then  filtered  rapidly  through  a 
small  bed  of  relatively  coarse  sand  at  rates  which  are  20  and  40 
times  as  great  as  in  the  case  of  slow  sand  filtration.  This  process  is 
likewise  effective  in  the  removal  of  bacteria.  The  choice  of  the 
two  systems  depends  upon  the  amount  of  turbidity  and  color  of  the 
water  and  upon  its  hardness  and  upon  various  local  conditions  of 
an  engineering  character. 

After  water  has  been  filtered  Jt  must  be  stored  in  the  dark;  other- 
wise fdgae  and  other  microscopic  organisms  are  likely  to  develop  and 
become  troublesome. 

,  Bacteria  in  water  may  be  killed  by  the  use  of  liquid  chlorine, 
bleaching  powder,  ozone,  and  similar  substances.  These  are  poison- 
ing processes.  The  quantities  of  chemicals  iised  are  so  small  that 
they  may  be  used  with  entire  safety  but  it  is  necessary  that  the 
chemicals  be  thoroughly  and  quickly  mixed  with  water  in  order  to 
assure  efficient  sterilization.  These  processes  are  especially  valuable 
in  cases  of  emergency  and  are  not  to  be  regarded  as  substitutes 
for  filtration.  Swinunit^  pools  should  be  di^nfected  regularly  in 
order  to  prevent  the  transfer  of  pathogenic  bacteria  from  person  to 
person. 

Sewi^e  may  be  treated  in  various  ways  to  remove  bacteria  and 
other  objectionable  substances.  The  processes  used  are  screening, 
sedimentation,  chemical  precipitation,  intermittent  sand  filtration, 
contact  beds,  trickling  filters,  and  disinfection.  There  are  many 
biological  problems  involved  in  these  processes  and  especially  in 
intermittent  sand  filters  and  trickling  filters.  Bacteria  play  an 
important  part  in  the  disintegration  and  ultimate  absorption  of 
putresdble  organic  matter  while  in  trickling  filters  worms  and 
various  larvae  assist  in  the  process. 

Tastes  and  Odors  in  Water  Supplies.  Water  suppb'es  derived 
from  surface  sources  and  stored  in  reservoirs  frequently  develop 
tastes  and  odors  that  are  very  unpleasant.  These  are  largely  due 
to  the  growth  of  algae  and  other  microscopic  organisms.  The  matter 
is  one  of  very  conaderable  importance  to  waterworks  superintend- 
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ents,  and  much  attention  has  been  given  to  the  study  o£  these 
growths  during  recent  years.  This  study  has  resulted  in  success- 
ful measures  for  destroying  the  organisms  by  the  use  of  chemicals 
aikd  for  removing  the  organisms  and  the  odors  produced  by  them 
by  aeration  and  filtration.  Very  little  success,  however,  has  been 
achieved  in  preventing  the  organisms  from  growing. 

Oiemically  pure  water  is  free  from  taste  and  odor.  Water  con- 
taining certain  substances,  as  for  example  sugar  or  salt,  may  have 
a  decided  taste  but  no  odor.  On  the  other  hand  water  may  con- 
tain substances,  like  vanilla,  that  have  a  strong  odor  but  no  taste. 
The  two  senses,  though  distinct,  are  closely  related  to  each  other. 
Most  of  the  bad  tastes  observed  in  drinking  waters  are  due  to 
organisms  that  produce  odors  rather  than  tastes. 

Most  surface  waters  contain  some  organic  matter  and  have  a 
vegetable  or  earthy  odor.  When  decomposing  organic  matter  is 
present  the  odors  may  be  foul  and  disa^eeable.  These  odors  may 
be  classified  in  three  general  groups:  —  (i)  those  caused  by  organic 
matter  other  than  living  organisms;  (3)  those  caused  by  the  de- 
composition of  organic  matter;  and  (3)  those  caused  by  living 
organisms. 

Observation  of  Odor.  The  odor  of  cold  water  is  best  observed  by 
shakii^  a  partly  filled  bottle  of  the  water  and  immediately  remov- 
ing the  stepper  and  a[^lying  the  nose.  The  odor  of  hot  water  is  ob- 
tained by  heating  a  portion  of  it  in  a  tall  beaker  covered  with  a  watch 
glass  to  a  point  just  short  of  boiling.  When  sufficiently  cooled 
the  cover  is  slipped  aside  and  the  observation  quickly  made.  The 
intensity  of  odors  is  conmionly  indicated  by  numbers  as  follows:  — 
o,  no  odor;  i,  a  very  faint  odor  that  would  not  be  ordinarily  de- 
tected by  a  person  drinking  the  water;  2,  a  faint  odor  that  might 
be  detected  by  the  consumer  but  that  would  not  attract  any  spe- 
cial attention;  3,  a  distinct  odor  that  would  be  readily  detected; 

4,  a  decided  odor,  strong  enough  to  make  the  water  unpalatable^ 

5,  a  very  strong  odor  that  would  make  the  water  unfit  for  use. 
The  character  of  the  odor  is  usually  indicated  by  a  letter  which 
stands  for  a  descriptive  adjective.  For  purposes  of  record  the  two 
are  combined.  Thus  3f  indicates  a  distinct  fishy  odor;  2V,  a  faint 
vegetable  odor;    4m,  a  decided  moldy  odor.      Heating  usually 
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intensifies  an  odor.    In  water  analy^  it  is  common  to  report  the 
odor  of  both  hot  and  cold  water. 

Cause  0}  Odors.  The  odors  are  caused  by  aromatic  oils  that  are 
produced  durii^  the  growth  of  the  microscopic  organisms.  After 
dimitegration  the  oily  substances  are  scattered  through  the  water. 
In  many  instances  the  oils  are  characteristic  of  the  organisms  and 
the  presence  of  organisms  in  water  can  sometimes  be  determined 
merely  by  the  odor.  They  cannot  always  be  thus  recognized, 
however,  for  the  quality  of  an  odor  changes  with  its  inten^ty.  Cer- 
tain organisms  present  in  small  numbers  impart  to  the  water  an 
odot  that  might  be  termed  aromatic,  but  when  the  same  organisms 
are  present  in  laiger  numbers  the  odor  might  be  more  pn^rly  de- 
scribed as  fishy.  The  amount  of  oily  matter  required  to  produce  a 
noticeable  odor  is  very  small.  The  oily  substance  that  gives 
Synura  its  odor  is  recognizable  when  diluted  to  the  extent  of  one  ^ 
part  in  twenty-five  million  parts  of  water.  This  is  not  surpris- 
ing, howeverr  as  the  oil  of  peppermint  can  be  recognized  in  a 
dilution  of  one  part  in  fifty  million  parts  of  water.  The  odors 
of  organisms  are  intensified  by  heating,  by  mechanical  agitation, 
by  a  change  in  the  den^ty  of  the  water,  by  pressure,  and  by  any 
other  cause  that  tends  to  rupture  the  cell  walls  and  liberate  the  oil 
globules. 

The  following  table  gives  the  natural  odor  of  a  number  of  the 
common  miaoscopic  otganisms.  For  convenience  they  may  be 
grouped  around  three  general  terms,  aromatic,  grassy,  and  fishy. 
The  aromatic  odors  are  due  chiefly  to  diatoms,  one  of  the  strongest 
being  that  produced  by  Astenomlla.  Some  of  the  green  algae 
produce  sweetish,  grassy  odors,  and  this  is  even  more  true  of  the 
blue-green  a^ae.  Anabaena  produce  an  odor  that  varies  greatly 
according  to  its  dilution,  and  various  epithets  have  been  applied  to 
it.  The  fishy  odors  are  the  most  disagreeable  of  any  observed  in 
drinlung  water,  and  that  produced  by  Uroglena  is  perhaps  the  worst. 
The  water  that  contains  this  organism  in  large  numbers  may  have 
an  odor  resembling  that  of  cod  liver  oil.  The  odor  oi  Synura  is 
ahnost  as  bad  and  even  more  common.  When  organisms  decay 
moldy  or  musty  odors  may  be  produced.  But  these  odors  of  de- 
conq>osition  are  less  characteristic  than  the  odors  of  growth.    Some 


.dbyCoogIc 


FRESH-WATER  BIOLOGY 


ot  the  bhie-green  algae  have  odors  suggestive  of  the  pig  pen,  doubt- 
less because  of  thdr  high  nitrogen  content 


Croup 

Organitm 

NaivralOdDr 

AaoKAnc 

DlATOMACEAE 

Odok 

Aromatic  —  gemiium  —  bhy 

Cydotelk 

Faintly  aromatic 

Diatonu 

Faintly  aromatic 

Meridioii 

Aromatic 

Tabdlaria 

Aromatic. 

Pbotozoa 

Ciyptomanas 

Candied  violets 

Aromatic  —  violets  —  fiahy 

Grassy 

Cyanophyceae 

Odok 

Grassy  and  moldy  —  green-corn  —  nas- 
turtiums, etc. 

Rivularia 

Grassy  and  moldy 

Clathrocyatis 

Sweet,  grassy 

Sweet,  grassy 

AphanizomenoD 

Grassy 

Fishy 

Chlwophvceae 

Odok 

VolvM 

Fishy 

Eudorina 

FainUy  fishy 

Faintly  fishy 

Dictyosphaerium 

Faintly  fishy 

Protozoa 

Uroglena 

Fishy  and  oily 

Synura 

Ripe  cucumbers — bitter  and  spicy  taste 

Dinobryon 

Fishy,  like  rockweed 

Irish  moss  —  salt  mareh  — fishy 

Peridinium 

Fishy,  like  clam-shells 

Glenodinium 

Fishy 

Prevention  of  Growths  of  Algae.  Varioiis  means  have  been  used 
to  prevent  the  growth  of  algae  in  reservoirs  and  standpipes.  Some 
of  these,  such  as  the  exclusion  of  siuilight,  are  snccessful  but  most 
of  them  afford  only  a  partial  remedy. 

Soil  Stripping  of  Reservoir  Sites.  The  removal  of  the  ve^tati<m 
and  top-soil  from  the  ground  that  forms  the  floor  of  a  reservoir 
tends  to  reduce  the  amoimt  of  the  organic  and  mineral  matter 
available  for  the  food  supply  of  the  organisms  and  thus  tends  to 
diminish  their  number.  In  a  number  of  instances,  notably  the 
reservoirs  that  supply  the  dty  of  Boston,  the  soil  has  been  carefully 
removed  from  the  reservoir  sites  before  the  reservoirs  were  filled. 
This  has  tended  to  redu<%  the  growths  of  algae  during  the  first  few 
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years  after  construction,  but  it  has  been  found  f  at  the  effect  of 
this  "soil  stripping"  is  not  always  permanently  successful  and  that 
in  the  course  of  a  few  years  heavy  growths  of  organisms  have  some- 
times occurred.  Where  the  reservoir  sites  are  not  thus  cleaned 
growths  of  algae  ate  likely  to  be  heavy  during  the  first  few  years 
after  construction,  diminishing,  however,  withtime.  The  benefits 
from  soil  stripping  occur  chiefly  during  the  first  few  years  after  con- 
struction. Whether  or  not  there  is  economy  In  removing  the  soil 
from  the  bottom  of  the  reservoir  depends  upon  local  conditions. 
Often  it  is  advisable.  In  some  cases  it  will  be  found  cheaper  not 
to  strip  the  reservoir  bottom  but  to  apply  the  money  that  would 
be  thus  expended  towards  a  filter  plant. 

Swamp  Drainage.  The  presence  of  swamps  on  a  catchment  area 
tends  to  foster  the  growth  of  algae  and  similar  organisms.  If  these 
are  located  above  a  reservoir  they  may  seed  the  reservoir  and  thus 
increase  the  number  of  organisms  likely  to  be  found  there.  The 
quality  of  the  water  may  be  improved  in  some  instances  by  draining 
the  swamps,  thus  diminishing  the  chances  of  the  reservoir  becoming 
seeded  and  decreasing  the  amount  of  organic  food  supply  in  the 
water.  When  reservoirs  are  constructed  it  not  infrequently  happens 
that  pools  are  left  with  no  outlet.  Organisms  may  develop  rapidly 
in  such  pools  and  be  washed  into  the  reservoir  after  a  rain.  So  far 
as  possible  reservoirs  should  be  self-draining. 

Eiimination  0}  ShaUow  Flowage.  In  the  construction  of  reservoirs 
efforts  should  be  made  to  reduce  the  area  over  which  the  water 
stands  with  a  depth  of  less  than  ten  feet.  For  in  these  areas  of 
shallow  flowage  aquatic  plants  are  likely  to  become  seated  and  may 
serve  as  a  nidus  for  various  organisms  that  ultimately  become 
scattered  through  the  reservoir  and  give  trouble.  Cases  occur 
where  it  is  wise  to  strip  the  soil  from  the  areas  of  shallow  flow- 
age  without  attempting  to  strip  the  soil  from  the  entire  reservoir 
bottom. 

Prevention  of  PoUulion.  Like  other  plants  the  algae  in  water 
grow  best  when  fertilized.  Nitrogen,  potash,  phosphates,  and  am- 
ilar  substances  stimulate  their  growth.  Polluted  waters  are,  there- 
fore, more  likely  to  develop  objectional  growths  of  algae  than  the 
same  waters  unpolluted.    The  eUmination  of  pollution  from  a 
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catchment  area  is  desirable  not  only  for  sanitary  reasons  but  also 
for  lessening  the  growths  of  a^ae. 

A^aiion.  One  of  the  elements  of  food  supply  required  by  algae 
is  carbonic  add,  which  is  present  to  some  extent  in  all  surface 
waters  but  is  likely  to  be  espedally  abimdant  in  swampy  and  pol- 
luted waters,  and  wherever  organic  matter  is  unde^oing  decay. 
The  stagnant  water  at  the  bottom  of  a  reservoir,  for  example,  usu- 
ally contuns  large  amounts  of  carbonic  add.  The  amounts  of 
carbonic  add  may  be  considerably  in  excess  of  saturation,  so  that 
when  the  water  is  exposed  to  the  air  the  gas  escapes.  Thus  the 
process  of  aeration  tends  to  reduce  the  likelihood  of  the  occurrence 
of  heavy  growths  of  algae.  Aeration  also  tends  to  reduce  the  odors 
of  the  water  as  the  e^>osure  of  the  water  to  the  air  gives  0{^rtumty 
for  the  escape  or  volatilization  of  the  essential  oils.  Sometimes 
natural  conditions  of  aeration  exist  and  are  very  beneficial,  when 
water  flows  rapidly  over  the  rocky  bed  of  a  stream. 

Chemical  Treatment.  Wth  our  present  knowledge  little  can  be 
done  in  the  way  of  treating  the  water  chemically  to  prevent  the 
growth  of  algae.  It  is  possible  that  the  application  of  lime  to  reduce 
the  free  carbonic  add  in  the  water  would  be  of  some  benefit  but 
this  has  never  been  practically  used.  Chemical  treatment  has  been 
successful  in  destroying  organisms  as  referred  to  below. 

Exclusion  of  Light.  The  exdusion  of  light  from  a  reservoir  is 
an  ^ective  remedy  in  preventing  the  growth  of  algae.  This  can- 
not be  done  in  large  reservoirs  but  in  small  reservoirs  and  in  stand- 
pipes  it  has  proved  very  successful.  In  cases  where  grotmd  water 
that  contained  large  amounts  of  plant  food  has  been  exposed  in 
open  reservoirs  algae  growths  have  been  very  troublesome,  and  it 
has  been  found  that  coverii^  the  reservoir  or  standpipe  in  which 
the  water  is  stored  completely  prevents  the  trouble.  It  has 
become  an  axiom,  therefore,  among  waterworks  men  that  ground 
waters  should  not  be  stored  in  the  light. 

Methods  of  Killing  Algae.  Various  methods  have  been  suggested 
for  killing  algae  in  reservoirs,  such  as  copper  sulphate,  bleaching 
powder,  ozone,  and  creosote.  Of  these  copper  sulphate  has  proved 
to  be  by  far  the  most  effective.  Quantities  as  small  as  one  part  in 
one  millicm  by  wdght,  and  sometimes  even  smaller  quantities,  have 
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been  found  sufficient  to  destroy  the  algae.  The  amoimt  required 
depends  upon  the  kind  of  organisms  present,  and  the  amount  and 
character  of  the  other  organic  matter.  Copper  sulphate  is  applied 
to  a  reservoir  by  putting  crystals  of  the  salt  in  a  gunnysack,  ot  coarse 
bag,  and  drag^g  it  around  the  reservoir  after  a  boat,  letting  it 
dissolve  in  the  water  as  it  will.  Preferably  this  should  be  done 
while  the  wind  is  blowing,  and  when  the  water  is  in  a  state  of  some 
agitation,  so  as  to  obt^  a  rapid  dissemination  of  the  solution 
through  the  water  of  the  reservoir.  Unless  care  is  ezerdsed  in  this 
regard  there  is  danger  that  fish  may  be  killed,  and  in  any  case  there 
is  always  danger  that  some  fish  may  be  killed.  The  method,  there- 
fore, is  one  that  should  not  be  used  by  one  whose  ejqwriaice  and 
judgment  is  insuffident. 

The  copper  sulphate  treatment  is  not  alwa^  entirely  successful. 
Sometimes  after  one  kind  of  an  organism  has  been  destroyed  by 
its  use  some  other  organism  will  appear  and  be  more  troublesome 
than  the  first.  A  single  treatmwit  of  a  reservoir  with  copper  sul- 
phate therefore  does  not  always  suffice,  and  when  a  second  dose  is 
required  it  is  usuaJIy  necessary  to  use  larger  quantities  than  the 
first  time. 

Purification  of  Water  Containing  Algae.  Water  that  contains  algae 
may  be  purified  by  filtration,  though  the  ordinary  processes  may 
require  some  modffication,  depending  upon  the  number  and  char- 
acter of  the  organisms  present.  One  of  the  essential  elements  of 
successful  filtration  is  that  the  water  shall  always  contain  a  sufficient 
quantity  of  oxygen  throughout  the  process.  Aeration,  therefore, 
may  be  necessary  before  or  after  filtration  or  both.  It  may  be 
accomplished  by  sprajring  the  water  into  the  air  so  that  it  falls  in 
drops,  or  by  exposing  it  in  thin  films  as  it  passes  over  a  weir  with  a 
considerable  fall  through  the  air.  Generally  speaking  an  exposure 
from  one  to  two  seconds  is  necessary  and  sufficient 

As  an  illustration  of  successful  purification  of  a  water  heavily 
laden  with  algae  may  be  mentioned  the  old  Ludlow  supply  of  Spring- 
field, Massachusetts,  which  during  the  summer  contained  very 
heavy  growths  of  Anabaena.  The  method  employed  was  inter- 
mittent sand  filtration,  similar  to  that  commonly  used  for  the  treat- 
ment of  sewage.    The  water  was  first  aerated  and  allowed  to  spread 
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over  the  sand  filter,  which  was  built  without  cover  as  it  was  used 
only  during  warm  weather.  After  rapid  percolation  through  the 
sand  it  was  collected  in  well  ventilated  under-drains.  After  the 
water  had  passed  through  the  sand  the  beds  were  allowed  to  stand 
exposed  to  the  air  so  that  they  themselves  became  well  aSrated. 
This  method  almost  completely  did  away  with  the  obnoxious  odors 
that  had  previously  existed  in  the  water  supply  of  the  dty.  In  this 
instance  the  part  played  by  agration  was  very  important  as  experi- 
ments had  shown  that  the  water  could  not  have  been  filtered  satis- 
factorily by  the  ordinary  processes  of  slow  sand  filtration. 

Mechanical  filtration  is  £ilso  sometimes  employed  for  the  treat- 
ment of  algae  laden  water.  Used  in  connection  with  aSration  this 
method  may  prove  reasonably  satisfactory,  but  special  care  must  be 
given  to  maintaining  conditions  of  agration  throughout  the  process. 
Sand  filters  are  capable  of  satisfactorily  removing  the  algae  and 
their  accompanying  tastes  and  odors  if  the  growths  are  not  too 
heavy. 

The  presence  of  algae  in  water  tends  to  clog  both  sand  filters  and 
mechanical  filters  to  an  unusual  extent  and  increases  the  loss  of 
head,  and,  therefore,  shortens  the  period  of  service  and  in  general 
increases  the  cost  of  filtration.  Where  water  is  stored  before 
filtration,  or  where  it  passes  through  settling  ba^ns  copper  sul- 
phate is  sometimes  used  as  an  auxiliary  process  antecedent  to 
filtration. 

Sdf-Purijkation  of  Steams.  Various  microscopic  organisms 
play  an  important  part  in  the  self-purification  of  streams.  It  has 
long  been  known  that  rivers  polluted  by  sewage  and  other  waste 
substances  regain  their  purity  to  a  considerable  extent  during  their 
subsequent  flow.  Various  influences  combine  to  bring  about  this 
result,  such  as  the  natural  death  of  pathogenic  bacteria  in  an  un- 
favorable environment,  the  effect  of  sunlight,  sedimentation  of 
suspended  matter,  oxidation  of  organic  matter  brought  about  with 
the  asMstance  of  bacteria,  and,  what  b  of  interest  here,  by  the  effect 
of  microscopic  organisms.  The  cycle  of  changes  by  which  nitroge- 
nous matter  is  broken  down  by  bacterial  action  and  by  which  the 
bacteria  are  destroyed  by  protozoa  and  other  larger  organisms, 
the  protozoa  being  devoured  by  rotifers  and  Crustacea,  and  these  in 
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turn  being  devoured  by  fish,  is  a  biological  phenomenon  of  great 
practical  importance.  In  this  way  natural  streams  succeed  in 
cleansing  themselves  so  that  waters  once  foul  become  clear  and 
attractive  in  appearance. 

An  excellent  illustration  of  these  biological  changes  is  the  Genesee 
river  below  the  dty  of  Rochester.  This  river  now  receives  practi- 
cally all  of  the  sewage  of  the  city  at  a  point  about  six  miles  distant 
from  Lalte  Ontario.  Below  this  point  the  river  receives  few  acces- 
sions. Studies  made  during  the  summer  of  1912  showed  that  the 
effect  of  the  discharge  of  the  sewage  into  the  river  was  to  increase 
the  number  of  bacteria  and  reduce  the  number  of  green  algae.  Im- 
mediately below  the  sewer  there  was  a  further  increase  in  bacteria 
and  a  reduction  of  the  dissolved  oxygen  in  the  water.  A  mile  or 
two  down  stream  the  bacteria  began  to  decrease  and  protozoa  in- 
creased. At  the  mouth  of  the  river  the  rotifers  disappeared  but 
Crustacea  were  found  in  abundance  in  the  late  water  around  the 
river  mouth.  Beyond  one-quarter  of  a  mile  from  the  river  mouth, 
however,  the  Crustacea  also  showed  a  noticeable  decrease.  The 
chemical  changes  that  accompanied  these  biological  conditions  were 
equally  interesting.  Below  the  entrance  of  the  sewage  the  dissolved 
oxygen  in  the  water  almost  disappeared  but  later  increased.  As  the 
dissolved  oxygen  decreased  the  carbonic  acid  in  the  water  increased. 
At  the  river  mouth  there  was  an  under  run  of  the  lake  water  back, 
into  the  river  due  to  the  lower  temperature  of  the  water  in  the 
lake. 

Algae  also  assist  in  self  purification  of  streams  and  lakes  by  hber- 
ating  dissolved  oxygen.  Sometimes  the  growth  of  algae  Is  so  rapid 
and  the  quantity  of  oxygen  produced  is  so  large  that  supersatura- 
lion  occurs.  This  commonly  takes  place  in  lakes  in  the  region  of 
the  thermocline,  as  Birge  and  Juday  have  well  shown.  How  great 
a  factor  this  oxygen  production  may  be  is  probably  not  yet  realized 
by  sanitarians  to  its  full  extent. 

Microscopic  organisms  in  streams  are  also  useful  in  removing 
the  effects  of  pollution  by  manufactiuing  wastes.  On  the  other 
hand  some  kinds  of  trade  wastes  are  of  such  a  character  that  they 
tend  to  destroy  microscopic  life;  such  are  acid  or  strongly  alkaline 
wastes,  and  wastes  containing  arsenic,  copper,  and  other  poisonous 
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substances.  Even  the  wastes  containing  inert  suspended  matttr 
may  interfere  with  microscopic  life  along  the  shores  by  smothering 
the  tiny  vegetable  and  animal  cells.  Oily  wastes,  such  as  the 
wastes  from  gas  works,  may  produce  films  upon  the  surface  of  a 
stream;  they  then  interfere  with  the  absorption  of  oxygen  by  the 
water  from  the  air  and  thus  exert  a  prejudicial  influence  on  the 
natural  agencies  of  purification.  It  is  for  these  reasons  that  the 
discharge  of  trade  wastes  into  streams  is  a  matter  that  is  seriously 
in  need  of  regulation.  The  wastes  from  manufacturing  establish- 
ments are  often  more  objectionable  even  than  domestic  sewage. 
Perhaps  the  worst  conditions  arise  when  streams  are  polluted  both 
with  domestic  sewage  and  with  trade  wastes. 

IdetUification  of  tke  Source  of  Water.  Another  practical  applica- 
tion of  the  microscopical  examination  of  water  is  that  of  determin- 
ing the  origin  of  certain  waters.  One  of  the  studies  made  in  con- 
nection with  the  celebrated  Chicago  drainage  canal  case  was  a 
series  of  microscopical  examinations  of  water  from  Lake  Michigan 
down  the  Illinois  and  Mississippi  rivers  to  St.  Louis.  It  was  found 
that  certain  varieties  of  organisms  were  present  in  the  water  of 
Lake  Michigan  that  could  not  be  found  in  any  of  the  tributary 
streams,  and  the  argument  was  made  that  as  these  same  organisms 
were  found  in  the  water  supply  of  St.  Louis  taken  from  the  Missis- 
sippi river  they  must  have  been  derived  from  Lake  Michigan, 
showing  that  some  of  the  water  supplied  to  St.  Louis  came  from  Lake 
Michigan  through  the  Chicago  drainage  canal  and  the  rivers  men- 
tioned. 

The  studies  made  at  Rochester  in  1912  showed  that  the  water 
near  the  surface  of  Lake  Ontario  contained  various  microscopic 
ot^anisms  that  could  be  readily  identified  but  that  these  were  absent 
from  the  lower  strata.  Serial  studies  made  at  the  shore  of  the  lake 
sometimes  showed  the  presence  of  these  organisms  but  at  certain 
times  they  were  absent.  The  inference  was  that  on  these  days  the 
water  at  the  shore  was  that  which  had  been  drawn  shoreward  from 
the  deep  strata.  This  finding  corroborated  the  temperature  obser- 
vations and  the  wind  records,  and  proved  that  the  effect  of  a  strong 
off-shore  wind  was  to  blow  the  surface  water  away  from  the  shore 
and  draw  in  the  cold  deep  water  from  the  lake. 
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GiDund  waters  normally  do  not  contain  microscopic  organisms, 
and  when  these  are  found  in  ground  waters  a  natural  inference  is 
that  a  ground  water  has  been  contaminated  with  surface  water. 
Thus  the  microscopical  examination  of  ground  water  is  sometimes 
useful  in  determining  questions  of  pollution. 

Organisms  in  Pipes  of  Water  Systems.  When  surface  water 
which  contains  algae  and  other  miaoscopic  organisms  is  allowed  to 
flow 'through  pipes,  as  in  the  distribution  systems  of  pubhc  water 
supplies,  it  frequently  happens  that  the  pipes  become  more  or  less 
choked  with  what  is  popularly  called  pipe-moss.  Sometimes  this 
pipe-moss  acquires  a  thickness  of  several  inches  and  fonns  a  mat 
upcm  the  inside  of  the  pipes  which  materially  reduces  their  carryii^ 
capacity.  The  organisms  which  give  trouble  of  this  character 
are  chiefiy  the  Folyzoa,  PlumateUa,  Paludicdla,  and  Pectinatella. 
Fresh-water  sponges  are  also  found  in  pipes  and  masonry  aqueducts. 
Snails,  worms,  and  various  Crustacea  may  be  found  associated  with 
these  moss  growths.  Dr.  Thresh  of  London  has  described  the 
occurrence  of  fresh-water  mussels  in  a  thirty-six  inch  pipe  which 
atUuned  such  a  growth  that  the  bore  was  reduced  to  nine  inches. 

It  b  evident  that  the  pipe  dwelling  organisms  depend  upon  the 
plankton  for  their  food  supply.  The  above-mentioned  growths 
do  not  occur  in  pipes  which  carry  water  which  has  been  filtered  or 
ground  water,  which  contains  no  microscopic  organisms. 

There  is  another  organism  sometimes  found  in  ground  waters 
which  contain  salts  of  iron  and  magnesia,  namely  Crenothrix. 
There  are  three  distinct  varieties  of  this  organism.  One  of  these 
deposits  manganese  in  its  gelatinous  sheath,  another  deposits  iron, 
while  the  other  deposits  alumina.  All  of  them  grow  best  in  waters 
somewhat  deficient  in  dissolved  oxygen.  Crenothrix  grows  on 
the  walls  of  the  pipes  in  tufts  of  filaments.  The  filaments  beonne 
attached  and  are  found  in  the  water  discharged  from  the  faucets. 
The  iron  which  impregnates  the  gelatinous  sheaths  that  surroimd  the 
cells  causes  trouble  in  laundries.  Clothes  washed  in  such  water 
acquire  rusty  stains  difficult  to  remove.  Crenothrix  is  sometimes 
found  associated  with  the  pipe-moss  above  mentioned. 

P^>e-moss  may  be  removed  from  a  distribution  system  of  a  water 
simply  by  flushing,  but  the  best  practice  is  to  prevent  the  growths 
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fnno  fonning  by  using  filtered  water  instead  of  water  laden  vitb  ' 
plankton. 

Piankton  and  Fish  Life.  The  occurrence  of  plankton  in  naturaJ 
waters  has  a  definite  and  direct  bearing  upon  the  occurrence  of 
fish  life.  Algae  and  protozoa  and  such  organisms  play  an  important 
port  in  the  cycle  erf  changes  which  extend  from  the  decompositioD 
of  organic  matter  by  bacteria  to  the  food  supply  of  man.  This 
cjrde  may  be  fi^owed  through  the  several  elements  of  organic 
matter,  namely,  nitrogen,  carbon,  sulphur,  and  phosphorus.  The 
proteid  products  of  metatxdism  are  consumed  by  bacteria;  bacteria 
are  eaten  by  protozoa  and  the  nitrate  formed  by  bacterial  action  in 
the  presence  of  oxygen  is  utilized  as  food  by  algae;  algae  and  proto- 
zoa are  consumed  by  rotifers  and  Crustacea  and  these  latter  form 
the  basis  of  the  food  of  many  fish.  Some  fish  are  provided  with 
^>ecial  mechanisms  for  straining  the  plankton  from  the  water,  a 
notable  instance  of  this  being  the  menhaden,  a  salt-water  fish 
widdx  swims  with  its  mxwth  open.  The  water  enters  through  the 
mouth  and  passes  out  through  the  gills,  while  the  organisms  that 
are  thus  r^noved  are  carried  to  the  stomach.  The  late  Professor 
Peck  showed  by  experiments  at  Woods  Hole  that  the  abundance 
and  size  of  the  menhaden  are  closely  related  to  the  abundance  <^ 
plaiditon.  Similarly  oysters  have  been  shown  to  be  depoident 
upon  the  occurrence  of  diatoms  in  the  waters  which  flow  over  the 
oyster  beds.  Experiments  made  by  the  writer  in  the  Great  South 
Bay,  Long  Island,  showed  that  the  best  oyster  beds  "were  located 
near  mud  flats  where  diatom  life  abounded. 

Intimately  connected  with  the  occurrence  of  the  phmkton  and 
the  bacteria  associated  with  decomposition  of  organic  matter  is 
the  presence  or  absence  of  dissolved  oxygen  and  carbonic  acid  in 
the  water  of  lakes  at  different  d^ths,  and  fluctuations  in  the  occur- 
rence of  these  gases  profoundly  affect  fish  life.  If  the  amount  of 
organic  matter  at  the  bottom  of  a  lake  or  pond  is  large  the  wator 
below  the  thermocline  may  lose  most  of  its  oxygen  during  periods 
of  stagnation.  It  is  impossible  for  fish  to  live  under  such  conditions, 
so  that  lakes  and  ponds  which  undergo  stagnation  are  not  likely  to 
contain  such  fish  as  naturally  seek  the  colder  water  found  only  at 
gfeat  depths  during  the  summer.    Thus  it  is  seen  that  plankton 
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studies  and  determinations  of  the  amount  of  oxygen  and  carbonic 
acid  in  stagnation  may  be  a  valuable  guide  to  a  fish  commission  in 
determining  the  advisability  of  stocking  certain  lakes  with  certain 
fish.  The  study  of  limnology  is  a  matter  of  great  practical  impor- 
tance to  the  human  race. 
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',  jSSi  4"6.  S06-SIO.  S4»- 
SSi;     key,    SM-SSi;    lemnisd,    543,     Ufe 
history.    s*4>    proboscis,  541,   p.-    sheath, 
S43,  rderences,  jji;  lu  ConUaceai  Nema- 
toda  (Parasitic);  Parastic  Roundworms 
Acanthocephalns,  547;  TatHU,  Si7 
Acaothodiaanudae,  391 
A  auUhecJmmia  turmariuM,  jg  i 
Acanthocims,  445 
AcanthocyKis,  136;  tkattapkera,  >j6 
Acantboldierit,  710;  cunihilrU,  710 
Acdla,98i 
Acetabula,  415 

■30 
30;  "Hi'.  130 
AdUDmadora,  490;  mimma,  490 
Aciliua,94i 


Acoteua,  447;  anutui,  447 

Acrobeles,  495 

Acrodactyla,  396 

Acrolichanus,  396;  Uitimti,  396,  ptiatcta,  396 

Acrtdoxus,  98s 

Adoperus.  TiS,  anpuloliu.  719,  harpat,  719 


638 
Aeolosomatidae,  638 
Aerobes,  obligatory;  tet  Bacteria 
Aerononum,  164;  patymarpkum,  164 
Acschna  (imsgo],  91s,  (nymph),  930 
Agabetes  (adult),  941 
Ag^us  (adult),  941 
Agamodistomum,  4it:  a^ir,  411 
Agamodistomum  stage  of  Ctnxria  nbra,  410 
Agamomermis,  510 
Agamonona,    jxi:    tapmtaria,   511,    papit- 

UteruM,  511,  pis^nm,  511 
Age  series  ot  pcnids,  49 
Akinete,  iiS 

Alaimos,  499:  dmptex,  499 
Alaamidonta,    1005;    orciila,   1007.  calctala, 

1006,  margtnaJii,  looS,  unduliUa,  tooS 


.  159; 
ActincAdellB,  Gss;  1 
mdaU,  6ss 


radiaiu.  171 
Actinotaimui,  4S5;  radiahu,  4S5 
Actinokipfaua,  134;  oiMiiliu,  134 
Actinomonas,  143;  vtnuiii,  343 
Actinophiys.  334;  >of,  117,  134 
Actinopoda,  134 

Actinosphaerium,  134;  ciMtmU,  113,  134 
Acuaria,  516:  arieae,  i  '  '  ' 

Acuariinae,  536 
A(9clus,6iil  >N«MwMu,  611 
Adaptation  of  aquatic  animals,  11 


AlbertJa,  589;  itHntter,  589 

Albia,  867;  tloMMu.  867 

Alexia,  97S;  iiHftr,  978 

Algae,  13;  methods  of  killing,  io7«,  iweven- 
Iko  of  growths,  1074.  purificatiDn  of  watei 
containing,  r077:  tte  Algae,  Blue-Green; 
Algae,   Freah-Water,  excl.  of  Blue-Green 

Algae.  Blue-Green  (Cyanophyceae),  Fresh- 
water, 100-114;  color,  loi,  cyanof^ydn 
granules,  loi.  heterocyats,  103,  key,  104- 
114,  phycocyaoin,  161, 117,  references,  114, 
tbennal  springs,  life  of,  loi,  vacuoles,  103, 
"watei-bloom,"  114;  i«  Algae;  Algae, 
Fresh-Water,  excl.  of  Blue-Green 

Algae,  Fresh-Water,  exd.  ot  Blue-Green,  its- 
177;  abundance,  131,  akinete,  itS,  an- 
theiidium,  119,  antherozoid,  119.  aptano- 
qwres,  iiS,  centric  forms,  116,  chronuto- 
phorcs,  lie,  cultures,  133,  and  mediums  of, 
114,  diatomin,  117,  disc-shaped  chnnna- 
tophores,  116.  filamentous,  iii,  forms,  irs, 
gametes,  119.  key,  i3s-'77.  life  history,  iji, 
11,  oogonium,  119,  oospore, 
iij,  phjrcocyaiun. 
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117,  phycoerythrin,  117,  phycophaeln,  117, 
pynooid,  116.  refereaces,  177,  reproduc- 
tkm.  physiology  of,  110,  looipotuwuni, 
119,  zooqwras,  1181  ste  Algae;  Algu,  Blue- 
C^ceo;  Bsdllaiuccu;  Chloniphyceae;  Pba- 
eopfayceae:  Rhodophyceae 

AlUxaoitoma,  387;  m(>f>Mii»>  3^7,  ^omM,  387 

Allocreadiidae,  34^ 

AlkxTouliuue.  J94 

AUocnadium,  395;  camrnmu,  395,  lobatum, 
39! 


Alloeococia,  m 

Aiona.  713;  agitiii,  jaj,  cajtaU,  713,  luOala, 
711,  711,  iriJemtdia,  734,  moiucattthii,  711, 
giuJrantularit,  713,  reclantula,  713,  (eiiiu- 

Aknella,  734,  734;  dadayi,  736.  itMiftra,  73s, 
disfikoiM,  711.  73S,  extjiu,  737.  ucuri,  737, 
sMtiliiia,  73S,  toriM,  714,  734,  nana,  736, 
nalrola,  736,  Kulpta,  735 

Ahxiopsis,  719;  aumia,  719,  donfta,  719 

Amabllu,  44S;  lanutUfera,  448 

Amblyfiaaa  ackrrdli,  360 

Ambto^is  npeilrii,  103a 

Amdetus  (imago),  910,  (nymph),  9» 

ADimolua  in  natural  waters,  39 

Amoictda.  C1S91   ctndwMJwniu,  9S9,  Umesa, 

Amiucolidae.  989 
Amnicollnae,  989 

Amoeba,  119;  luUula,  aio,  limcx,  iio,  ^o- 
fnu,  319,  radioia,  aio,  ftriala,  110,  «emi- 


Ampullariidae,  9S7 

Amyfidaloauis,  1014 

Anabaena,  no;  draiulii,  1  lo,  jCsi-ariMf,  110 

AnaEiobeii,    [iculUtive  and  obUgatoiy;    ttt 

Anafrobic  reqiiratioa,  38 

Anapodidae,  570,  Goi;  IM  Rotatoria 

Anapua,  601;  irailU,  601 

Anarthra,  S91;  a^la-d,  331 

Anax,  9JS,  930 

Ancbistropus,  730;  niniir,  730 

Anculoao,  994,  praerosa,  994 

Ancylidae,  983 

Anc^^sloma  duodenatt,  S13,  s" 

Ancyliis,  985;    diapkainu,  gSj,  millattU,  983, 

riMforu,  985 
Ancylus  s,  ».,  98s 
AncyrocanJiui  cyilidicola,  537 
Ancyrocephalus,  375 
Ancyronyi,  943 
AngioBtoma,  5: 
AogioBtomidae,  jii 
Aogjtiema,  991 
Anguillulidae,  511 
Animal  ojmmuiutiea;  h«  Cmnminities,  ani 

Animalcules,  mou;  t«  Bryozoa 

irbecl;  tee  Rotatoria 
Animals,  aquatic,  food  reJatiani  of,  33,  54 


Amoebidae,  119 

Amoeboid  protoxoa;  lee  Sanodina 

Amoebotaenia,  44s;  cumeaU,  44; 

Amorsiiu,  934 

Amphingrioi)  (inuso},  933,  (nymph),  91S 

Amphibia.  lee  Batrachia 

Amphibious  plants.  tt»  Plants,  amphibkHU 

Amphids,  466 

Amphigyra,  986;  aMameiui],  986 

Amphjlcptui,  175;  fuMo,  173,  mdeatrii,  194 

Ajnphilina,  430 

Amphimonas,  350:  glebosa,  130 

Amphjpoda,  819,  841;  tee  Malacostraca 

Ampfaiproia,  130 

Amphiprococcae,  130 

Amphlsia,  188 

AmtMtloma  trande,  336,  luilriqiitlntm,  3S6 

Amphistomata,  383 

Amphistome  cercuiae,  413 

AmphiCrcma,  133;  fiiaum,  131,  mnfMonom, 

Amphiioa  (adult),  940.  (larva),  943 
Amphizoidac,  940 
Amphora,  iiSi  otalis,  tiS 
AnpuUaria,  987;  paluiata,  987 


"57!  ' 


I.  aS7 


Anistoptero,  914,  919 

Aokistrodesmus,  ts5 

Annelida:  '"  Hitudinea 

Anodonta,  1003 1  graitiii,  1001 

Anodoctinae,  uoi 

Anodontoidn,  1003;  fenuiaciami,  1003 

Anomalagrion  (imago),  914,  (nymph),  939 

Anomopoda  (adult),  694 

Anomotaenia,  446;  amilricla,  446 

Anonchus,  303 ;  mfnkyitera,  503 

Anopheles,  944 

Anoplocephaiidae,  444 

Anottba  Eradlii,  334 

Anostraca,  666 

Antheridium,  119 

Antheioioid,  119 

Anthophysa,  148;  Kctfoni,  348 

Anuraea,  601;  bretiipiaa,  601,  cttUcarit,  61 

Anuraeidae,  371,  Goi 

Aorehis,  385;  exiauui,  38s 

Aphanizomeaon.  iii;  fias-tupat,  iii 

Aphanocapsa.  106;  tretUld,  106 

AphanochRcte,  169 

AphanotaiiQus,  498;  ipirifena,  498 

Aphanothece,  104:  Micrncnpiat,  104 

Aphelenchus,  483 ;  mierelatmui,  483 

Aphrothoracida,  334 

Aplocystis,  147;  hauniana,  147 

Aplano^nre,  11S 

Apleia,  9S5;  kypKonim,  985 


,db,Googlc 


AplopuaUs,  443;  fitum,  443 


671. 


1,671 


Asplanchoopus,  607;  mynmlet,  607 
AHimeDia,  986;  califamka,'  9S6 
Assmeaiidu,  9S6 
AaaodatioD,  ciKffideut  of,  54 
Asiulina,  ijo;  nuncr,  130,  temiiuilum,  330 
AsUcui,  846 

AsUsia,  134;  Irickapkarc,  254 
»S3 


AscBris.  531;  ardeae,  531.  cyUxdnco,  531 
etUomdiu,  531.  Mtcina,  531,  iaticealata,  531 
'fAfa,  531.  lumbriendet,  511,  tnicfvoPikiiJt 


penita,  531,  serptHluliu,  J31,  laitala,  S31 

ItniHivUii,  331 
Aacoroidea,  531 
Ascoglena,  151 

Ascamorplm,  607;  (cawfii,  607 
Asdlidae,  S41 

A9eUu>,S4i;  camMHnii,  S41 
Aspidiso.  191;  cmMo,  391 
Aspidobnnchia,  994 
Aspjdocotyla,  379 
Aspidogaster,  380^  canckktla,  3S0 
Aspidogutridae,  379 
Asplanchiia.  607;  JKinctH,  5S1,  607,  prisimla. 


607 


>.607 


Aquatic   animals,   birds,   eaithwonm,   etc.; 
see    Animals,    Birds,    Earthworms,    etc, 

Arachnida,  17 

ArceUa.   iii;    ieiOala,   111,  Mtceiits,   an, 

ArcelUdae,  130 

ArchtrUiia  bollom,  144 

Archigetei,  430 

Archilestes  (imago),  913,  (nymph),  918 

Anjdens,  10031  c*nfraitta,  1003 

ArgU  (imaeo),  913,  (nymph),  91S 

ArguUdae,  rSG-rSS;  key,  787,  788;  mu  Cope- 

poda;  Siphonoitomata 
AiBulus,  787;    aimricaaia,  787,  appoMcalt- 

siii,  7S7,  calailcmi,  787,  tninu,  7S8,  itpUo- 

jlei,  7SS,  macabmti,  7S7.   ttimUtki,    78S, 

tersiatar,  787,  7S8 
Aihythmorhynchus.  530;  brent,  350,  ptunSi- 

raitrii,  351,  Irklioctphaha^  no,  iMcHiafiu, 

SSO 
Aikanaia,  1004;  wktderi,  1004 
Anniger,  9S4 
Anhenurinae,  863 
Anhenunu,  8631  albaltt,  863,  farpkalui,  863, 

f/ptoMr,  663,  matuhlor,  863 
.4r(MiHifii{>iM,6e8 
Arthrodesmus,  141;  CMiMrf«iu,  141 
Aitbropoda,  17 
Arthrospira,  108;  januri,  toS 


Asymi^lodora,  larva  of,  413 
Atractides,  874;  tpttUptt,  874 

Atrectonema,  154;  lariuna,  154 

Atrochus,  611;  IttUaadMiu,  6\t 

Aturinae,  864 

Atunu,  866;  mirabUis,  866,  icokr,  866 

Aty>dae,S45 

Aulapborus,  639;  ftireatia,  639,  wpit,  (jj 

Auricula,  97S;  ptttuceiu,  978 

Auriculidae,  977 


AuridistomoiD,  397;  ckdydrM,  397 


AwerioiewiB,  117;  cydaatomaia,  137 

Aionopas,  866;  complimata,  86G 

Azygia,  39a;  tucU,  391,  lehifo,  371,  itrHictlle, 


Bacteria,  13,  90-99:  aerobes,  obligatoy,  93, 
anaEiobe*>  (acultative  uid  obligatory,  93, 
94,  badllia  cM  as  indai  ol  cootamiaatkn. 
1069,  clasai&catioD,  90,  (orma,  gi,  metachio 
matlc  grtoules,  gi,  microSrgaiuam.  94, 
movement,  gi,  number,  94,  in  naturmi 
waters.  96,  1070,  references,  99,  qure^  gi, 
stnicture,  gi 

Baetis  (inuco),  991,  (oymph),  911 

Baetiscs  (imago),  919,  (nymph),  931 

Baileya,  176 


Bangia,  177;  atn-parpurto,  177 

Baitoaius.  849 

Baaiaeachna  (ima|n>).  915.  (s\ymM,  930 


497;  t 


'.497 


Bathymeimis,  303 

Batradua    (Amphibia).    1018,  1019;    crfer- 

ences,  1066;  tee  Vertdiiata.  aquatic 
Batrachospermum,  176;  grabuaamieiut,  176 
BdcUodrilus,   644;    ttfuNMOdu,   G44,   Mufo- 

bilii,  644,  pkihdelplaaa,  644,  pukjerrimm. 

644 


Belostomatidae,  933 
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Bcnacus,  894,  934:  tegs,  896 

BeroMj.  939 

Bicmoeca,  345;  Uplaa,  14s 

Bidau  bectii,  iSi 

Bidciaiu  (adult),  940 

Bikoeddae,  145 

Binudouu,  i6j;  (Awm,  163 

Biology,  FKsta'Watef,  9;  clinute  vs.,  9,  dis- 
periat,  13.  diveralty,  1 1,  fauna  idicta,  10,  in- 
vcatigatora,  11,  iournali  od,  to,  mao  tbc 
modifying  ageat.  11,  ori^n.  10.  retercnco 
(general),  rS-io,  Muooal  aucceaaioa,  10, 
itaUons,  13,  stratification  of  organisnu,  la, 
types,  13,  uaifoimity,  13,  variety,  11:  see 
Rderaices  lot  specific  refertncei 

Biontyu,  131;  vagans,  231 

Bipalidae,  360 

Birds,  aquatic,  1034-1016;  references,  loGS; 
ite  Vertebratu 

Bithynis,  S4S 

Bl&ck-flies,  aquatic;  ue  Insecta;  Simuliidae 

Bladder-worms,  417 

BLastunis  (imago),  gio,  (nymph),  931 

BlauDCiia,  979;  hOenclila,  979 

Btepharisma,  183:  lalerilia,  183 

Blepbaroceridae,  943 

Blue-Green  Algae;  sec  Algae,  Blue-Green 

BoUoiema  mpum,  1037 

Bolting  cloth,  spedmeni  in,  7;  na  Plankton 

Bopyridae,  841 

Bosmina.  706;  la»girailris,  706,  ioHgupina, 
707,  oblHiinslris,  707 

Bosminklae,  706 

Bosninopss,  7071  deilerti,  707 

Bothria,  413 

Bothriocephalus,  431;  laiits,  431,  433 

Bothriomonus,  433;  timionu,  433 


BothnHtoma, 

Botrydiopsis,  156;  trimsit,  156 

BotiyfUum,  173;  trMtvlatum,  171 

Botryococcus,  149;  imiiiiH,  149 

Bottle,  water-,  80 

Bpttom  materials,  24;  collecting,  jo,  differen- 
tiation, 15.  distribution  oi  life,  3S,  muck,  16, 
teiriginous,  36,  43 

Boyeria  (imago),  915.  (nymph),  930 

Brachionidae,  605 

BnchioDus,  605;  (mttiaris,  605,  bakeri,  579, 
mofiti,  60s,  Pi^-  605,  piHicfatui,  60s,  tiuid- 
talus,  toS 

Brachycera  (larva),  946 

Brachyoieliinae,  400 

Brachycoditim  hospUale,  400 

BranchinecCa,  667:  ceUraiauu,  667,  lin- 
daJUi,  66S.  packarii,  667,  paludasa,  661,  667 

Branchinectidae,  667 

Branchinelia,  670;  giilUri,  668,  670 

Branchiobdella,  644: 
JofUa,  644 


Brychius,  938 

Bryoioa  (moss  animalcules),  17,  947-956; 
■mpearance,  947,  habitat,  951,  key,  9Si-9SS> 
methods  of  study,  950,  occurrence,  949, 
polyioa,  947,  references,  933,  936,  stato- 
blMt,95o 


.pusiUus, 


379 
Bucephalus,  379;  pelymerplUa,  4: 

i79 

Bugs,  aquatic  (water);  la  Hemlptera 
Bulbocbaete,  167;  miraUlii,  167 
Bulimnaea,  9S0 
Bullella,  1007 


lis;  1 


s,  915 


Bunopa,  711;  jerriouidaAi,  fix 
Bursa,  476,  S14 
Bursaria,  183;  Imncattllti,  183 
Bythinia,9S9;  leHlaailala,  g9g 
Bythininae,  9S9 

"Cabbagc-soake,"  534 
CatMmba,  iBi 
Caecidotea,  841 

Caedncola,  391,  400;  parvulut,  400 
Caenia  (imago),  920,  (nymph),  9J3 
Caenomorpha,  183;  medumia,  185 
Caddisflies  (Trichoptera);   see   Insecta;  Tri- 

choptera 
Calamoceratidae,  936 
Calceolus,  177;  cypripedtum,  377 
Caligidae,  783 ;  tee  Copepoda 
Callibaetis  (imago),  911,  (nymph),  931 
Caliidina,  Eig;   aHtiuficsttu,  619 
Calocylindms,  138 

Caiopteiyi  [imago),  91a,  (nymph),  891,  918 
Calothrix,  113;  Uiermaiis,  113 
Calyptomera,  689 
Calyptorhynchia,  35a,  361 
Calyptotricha,  181;  inkaeia,  181 
Camallsnidae,  3>S 
Camallanus.     jaB;      ancyladina,     311,     319, 

laaulris,  517,  318,  oxycepluliis,  319,  trispi- 

iKiw,  S"9 
Cambardlug,  S4S:  tkufdHi,  84S 
Cambarinceia  macrodonia,  644 
Cambarus,  847;  qfinis,  848.  barlani,  S47,  S49, 

UaHdingi,  B4B,  dtDjoiei,  850,  alrantMi.  849. 

gracUii,  847,  kairHilaliis,  849,  iiwiHiiifi,  S49, 

Umrsu,  84S,   peUucidm.  S48,  prapinquta. 

&49,  naUcm,  849,  simulani,  847,  *Mlu,  S49  ' 
Campascus.  119;  ctrnulus,  119 
Campelonu,  gSS;  iwbattla,  9^ 


.dbyCoOgIc 


Campiunu  (ima^),  918,  (oympb),  991 
Cunptocercus,  jiS;  Mocnrus,  718,  neUrar- 

<ru.  71S 
CuDpylodiacul,  ijo;  cribroiui,  ijo 
Ciudona,  6iy,  acumhtala,  816,  Candida,  837, 

cfvciPKHW,  814,  fata^vrmU,  816,  paratUia, 

Sij,  nclkaiida,  &16,  r^fitxa,  S14,  liftMa, 

815,  itMpiota.  Sis 
Oudoninu.  809,  Sij 
Cantboconiptiu.  780;    hUmalii,  781,  U«b- 

mw,  781,  iUiiuudwu,  781,  HftnuJiu,  781, 

fMrftiiMtnnu,    783,    tlapkyUiiMti,    781, 

ilapMyUmu,  781 
Canada,  1001 
Capillaria,  53s;  raniMHO,  53s 
Cufaon  dioade  in  water,  39;  lee  Water 
Carchesium,  194;  polypinMm,  194 
Cuinifei,  984 ;  nenbenyi,  9S4 
Carteria^  144.  16s;  ebhua,  144 
Catterius,3T3;  ^aJtlcHta,  314,  fnui^enu,  315, 

Atiiifcniu.  314 
Cannculins,  loii 
Caiyduum,  977:  oitHum,  977 
Oi^ophyllaeidae,  430 
Cuyophyllaeus.  430 
Cai^ada  ka/matmi.  351 
Cat«tropi\  383;  fiiuMtnUi,  383 
CatcDula,  334;  Umwu,  334 
Csteoulidae,  334.  361 
Cathypna,  S9S;  inM,  595 
Co^MlMHU  eommatimi.  1040:  Hfricdxi,  1054 
Celithemis  (imago),  916,  917.  (nymph),  931 
Centrifuge,  S4 
Cenliopagjdae,  7s  j 

Centroptilum  (imago],  gii,  (nymph),  9IJ 
Centromnis,  iia;   actdiaia,  313 
Cenlrorhynchidae,  J49 
CeDtrorhyndius,  549:  spitvam.  S49 
Centrovarium,  401;  Itbola.  401 
Cepbalobus,  4951  nA-dontaliu 


ttiicaadui,  4 
Cepbalosiphon,  617;  I 

Cephalotham nium,  147;  eaespiletum,  147 

Ceratium,  370;  lanHidindla,  170 

CeraitJriius  Uymwismiii.  644 

Ceratooeii.  130,  134;  omu,  134 

Ceratophyllum,  17S,  180,  . :    . 

Ceratapogoniac  of  Chironomldae,  94s 

Cercaria,  371,  373,  411;  aa  pluikton  organ- 
iani,  371;  agilis,  415,  ondurMa,  413, 
aicoidta  (Gymnocephala),  415,  Mflexa,  410, 
b&iittala,  41T,  brnkaeta,  a'7,  caryi,  416, 
dataii,  414,  cmata.  417,  dendrilka,  418, 
Jiapkana,  418,  i(iai(r<i>;ba,  '414,  iauMlti, 
411.  fasdetat  ktpatico*.  415,  flaitUifei 
(tetracotyle  (orm),  414,  ilimdiiliua.  418, 
lartontcephala,  373,  414.  gradttima.  413, 
hcmilopki^a,  419,  Jtyaleeouda,  413,  tiukai- 
«(u,  413,  Ututytea, 


ttptacatttka,  41G,  lucania  (Glenocercaria), 
413,  maaearca,  411,  nufolKra,  416,  hktii- 
pharynx,  418,  niniiM,  415,  mtniMfu.  431, 
ptUncida,  411,  ptatyura,  419,  polyaJena,  418, 
Mv^*"'>'i<  4'4i  rocfnuus,  419,  rtfieca, 
415,  431,  mAm,  430,  Agamodistomum  stage 
of,  410,  tariigrada  (KhopaliKcrca),  411, 
Iritmiyra,  419,  (ruoJinuJa,  430,  trtnoJiti,  411, 
lubeniloma,  433,  wtaiienni,  411,  tcnfAfn, 
411;  i«  Cercariaei  Cemiiaeum;  Panp 
Stic  Flatwormii  Trematoda 
Cercaiiae,  Bmphistome,  413,  cotylocercou*, 
419,  cyatocercous,  431,  distotne,  414,  echi- 
nostome,  410,  (uicoceroius,  431,  gasteroi- 
tomous,  411,  gymnocepluJotu,  415,  boto- 
Btione,  413,  leptocercae,  415,  megalutou*, 
.19,  miciDcotylae,  416, 


deDOua,  416,  prostomatoua,  413,  rhabdocOfr 
k>u3,  413,  rhopalocercoua,  411,  letifenwi, 
413,  ityleC,  416:  i«  Cercuia;  Cercarioeum; 
Parasitic  Flatwomu;  Trematoda 
Cercariaeum,  433;  hdiiit,  433,  nuoiu,  413; 
la   Cercaiia;    Cercaiiae;    Paiaatic    FUt- 


Cercobodo,  144 


CercoTchis.  394 

Ceriodairfinia,  700; 
700,  ceKitri,  703,  tacMitrii,  701,  ItlicaaidaU, 
703,  KKgaleps,  701,  pulckditi,  703,  quad- 
raniula,  701,  retieaUila,  700,  ritaudi,  liio, 
nliaula,  703,  tciiuia,  701 

CesCoda,  Freah-Water,  is,  36s,  369,  434-453; 
Bcetabula,  435,  bladder-woims  (cystlcerd), 
43T,  bothiii,  435,  dliated  larva,  437, 
(ysticerd.  417,  k^,  419-451,  life  history, 
417,  onchoipbere,  417.  plerooemiEd,  437, 
proglottida,  414,  references.  453.  453, 
rqiroductive  organs.  426,  rostellum.  414, 
scolei.  414,  i,  str.,  430,  itrobila,  414,  struc- 
tui«,  434:  tee  Parasitic  Flatwomu;  Paim- 

Cotodaria,  369,  419;  ite  Cestoda 

Cestodes,  morunootic,  419 

Chaoiia,  171;  Itm,  371 

Chaelarthria,  939 

Chaeti^asler,  63S;  iiapliamj,  638.  Ummui. 
638 

Chaetontorpba.  165 

Chaetoaotidae,  636 

Chaetonolus,  G36;  acaiilhodei,  637,  acam- 
Ihophtm,  6  39.  brctiipinanu,  G17,  eaarmis, 
630,  /ofUkmu,    617.   larta,    617.   longispi- 

ri%s,  638.  limilu.  636.  ipimftr,  639.  iphut- 

CluetapeUis,  171 

ChaetopboiB,  168;  piiifermii,  168 


.dbyCoOgIc 


Cluetcqiock  (euthnonni),  •quatic  16,  G31- 


1,  iTo;  ^rMunhttiini,  170 
Chaetuiiiu.  630;  atrittnma,  630 
CbBbrotboncs,  135 


Chunuaphoa,  107;  intraslaiu,  107 
CbtntisnaU,  176:  ehthbta,  176 
Cb«n,  1741  (orMMM,  ij^.JratiHi,  174 


Chuidopsis,  158 

Cluuradam,  158;  bafi^,  ijS 

Clunki.171 

Chtren.  174 

ChanUoda  (aduh),  93S.  (>>rva),  93^ 

ChtincaHlkm  htrriiia,  sia,  ittiiilit,  530 

Cbttodoa.  176;  cueMOm.  176 

ChiloduKitak,  176;  tramla,  276 

ChilonHMku.  ]6i;  ptram*cmm,  161 

CUiQccphtlkUe.  66S 

CUnMuunSdae,  914,  94S1  Centopocooiae  of, 


a  {larva),  945,  b  part,  945 
ChifntQDeUa  (imago),  930,  (iiym(A),  911 
Chlamydamooat,  [43- 144>  iSsl  ehio€»tii,  144 
pnMiaitie,  36s 

Sit;    stfalo,  811,  ikmeii, 
811 
Cblonmgiuiii,    147,   a6S;    ilewiBrmiMi,   166 

iteKtonim,  147 
ChloreOa,  lu 

151;  rttniarii,  iii 

.  'S7 
Cboanotaenia,  446;    iiijwiiibidttm,  446,  /«- 

Ctaodudla.  t5S 

Cboadncantliiilae,  784J  aa  Coftrpain 

CbtHiUU,  18 

Cbanladea,  537.  538;   Mdrgoni,  sj8,  occjdoi- 

MUi,  538 
CboTotopea  (touuto).  910,  (nymph),  911 
Chknococcum,  156;  n^iuinwrn,  156 
ChloroOagdlidB,  164 
Chlonvooium,  143;  eucUorum,  143 
Chloropeltu,  151;   Mtpidyia,  353 
CUoropbyceae,   117,    134;  key,   134-174;  ta 

Algae,  Frtah-WaUr,  cicl.  of  Blue-Gnea 
ChkmMpbien,  15S;  lacuilrii,  15S 
CUotMphacraceae,  13S 
Chloro^Uum,  166;  tatanttanim,  166 


ChuMiosuta-,  493;  (raellb.  493 

Chtoacocauxse.  104 

Chroococcua,  106;  fiianlaa,  106 

ChroolcpLdsac,  170 

CbiywdicdUda,  339 

Ch^aomdidae  (adult),  937,  (larva),  943 

Ch^aops  (larva),  946 

Cluyaopylu,  1S3;  nrtttlata,  163 

Ch^ridae,  716 

Chydofinae,  717 

Ctq^lonia,  730;  harraiti,  733,  UcvnuMu,  731. 
/4iif«rmu,  731,  fiUw,  731,  (Manu.  730, 
hyhridui,  733,  lojiu,  731,  maiit,  733,  /tl<r, 
73»,  ^f^,  734.  nitulona,  73".  iphaaiaa, 
73a 

Cilia,  138,  339;  tM  Inhuoria 

Oliata.  171 

CilJBte  protozoa;  iM  lofiuoria 

Cincinnatia,  989 

Cinetodulum,  1S3;  martmitaamm,  i8j 

Circulation  of  water  in  lakes,  17 ;  cpitimnian, 
iS.  hypolinuuon,  iS.  38,  thermocBne,  18, 38, 
waves  and  their  action,  aS 

CiroUnldae,  841 

Ciralaiudtt  lexetuU,  84 1 

Cladoctra  (Water  Flea.),  Ft««h-Wal«r.  «j6- 
740;  digestive  tract,  681,  distributioa,  6S7, 
key.  689-739.  method  of  itudy,  €88,  oc- 
currence, 68s,  reference*  739-740.  Rfm- 
duclioD,  683,  shell,  679,  stnicture,  677; 
IM  Cnatacea 

Cladocopa,  806 

Cladomonas,  161 

Cladophora,  16G;  ^omerala,  1G6 

Cladopboraceae,  1G5 

Cladorchlniinae,  3S6 

Clai^ia.  990:  dappia,  990 

Clatfaiocysti^  106;  atrutmoia,  loG 

Clathnilina,  136;  dcgiu,  136 

Oimacia  (adult),  933.  (larva),  93s 

CUmacoatomum,  185 

Climate  and  (lesh-water  life/  9 

Cliaostomum.  4081  martinaUm,  4eS 

Clock  pump,  8o 

Cloeon  (imago),  911,  (nymph),  913 

ChmorcHs  liueniii,  393 

Closterium,  137;  mBmilifemm  var.  eonctmm. 


■37 


Coccogoneae,  144 


Cocomeidaceae,  119 


:'SS 


Cocctmema,  119;  ImKeolatimi,  119 
Codileare,  S9T;  furis,  597 
Cochliopa,  990;  ficgramdauU,  990 
Cochlii^wdium,  i3i;  bilimietiim,  121 
Codonodadlumi  i 
CodoDoeca,  J45;  . 
Codosiga,  359;  btlrylu,  159 


1.145 
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CodutncMC,  isS 

CoeIa*truiD,  is9;  ipkatrieum,  159 

Coelenterats,  is,  301,  316;  ue  Hydnnoa 


CoUdum,  151;  jlCMtf,  *5i 
Coleochaetaceae,  171 


uouoctuete,  171;  tcuaa,  ijt 

Coleoptenl    (beetlea),    90^-909;     key,    917, 

adults,    937-943,    larvae,    943,    whirUglg 

beetles.  906;  ]tt  loiecta 
ColepB,  171;  lutlui,  371 
Collecting,  method*  of;  nx  Uethub  ol  Col- 

G>1Iodict]ron,  ijo 

CoUyrididie,  3B3 

CoUyridum,  383;  «W(i,  384 

Colobunu,  910 

G^oni*,  597;  inilMr,  597 

Cotpidinm,  178;  ttriaHim.  178 

Co^xida.  ITS;  tampjla,  178 

Ojlutidae,  568,  591 

G>liiius.  S97;  tnliaur,  597 

Colymbcte^  941 

Communities,  animal,  51;  adaptationi,  1011, 
UKKiatianl,  57,  balance,  54,  daisiGotioa, 
S5,  coawdea,  56,  creek,  s8,  formation*,  57. 
lake,  58,  mora  56,  rapids,  5a,  river,  58, 
'  i,  S7 


)EX  lOQI 

CiHdytophora,  319,  310,  321;  colony,  318;  la- 

aulrii,  331;  ite  Hjidrozo* 
Corethra  (Urva),  945 
Corethtelta  (larva).  944 
Coriiidae,  934 

Coryda,  an;  fima,  an 
Corydalis  (adult),  93s,  (larva),  936 
Corynoneuta  (larva),  945 
CoiyiuMoma,  549 
CorythJon.  333;  dMum,  331 
Cosdnodiicsceae,  116 
CoAdDodiacui,  136;  apUiUalut,  I16 
Cosnaiiiun,  13S,  140;  balrylii,  140 
Cosmocladium,  ijo;  jaxmtcam,  140 
Cothumia,  197,  piKlaslyla,  197 
CMU  ktalops,  IQ37 

Cotylaapis,  380;  aieri,  3S0,  innptit,  380 
Cotyiocercoui  ccrcariae,  419 
Cotylogaster,  381:  MiKtoMjM,  381 
Grabs,  8181  s<t  MolacDstiaca 
Crasgonyx,  S43 

311;  jknpoM,  313,  niKvriyi, 


Conditions  of  ExistGnce;  tet  Existeoce,  Con- 

ditioiis  of 
CaodylMtoma,  184;  ^oMi.  »i* 
Cone  dredge,  68 
Conlervales.  iSo 

CoDgeria,  loiS;  Itafphatala,  totS 
Omjugales,  134 
Ccmjugatioa  in  Infusoria,  141,  In  Maatigo^ 

phora,  341,  in  Sarcodina,  317 
C:<Hiochiloides,  617,  nalaiu,  ( 


CoDtai 


»t,  617 


S33i 


Ct^telatus  (adult),  943 

Copepoda,  Fresh-Water,  741-789;  develop- 
ment, 745.  distributioa,  741,  746,  vertical, 
749,  keys,  7SS-J83,  784-786, 787-7*8,  meth- 
ods of  Mudy,  7S3.  754.  occurrence,  74S.  ref- 
ereoces,  788-739,  structure,  741,  vertical 
'      distribution,  749;  at  Argolidae:  CmMacea; 

Copeus,  sgi;   ^AsAyirw,  SSS,  S6S.  S9( 
Coptotomus  (adult),  943;  ialvrotatm  {idiA), 

938,  (larva),  909 
fZorallohotfarium.  439 
Coidulegaster  (imapi),  914,  (nymph),  930 
Oifdulia  (imago),  916,  (nympb),  931 


Crawfishes,  SiS;  let  Malacostraca 

Crayfishes,  81S;  iw  Malacostraca 

Creoiphitus  (adult).  940 

Crenodonta,  996 

Crepidostomum,  395;  camtUwm,  395 

Cricotopua  (larva).  94 j 

CritlauUa  idat,  9S5,  iacialru,  955,  maado, 

947.  9 is.  opkUea.  9ss 
Crxudgenia.  159;  apiculala,  159 
Crustacea,  17;  set  Cladocera;  (^pepoda;  Ma. 

lacosliaca;  Oatracoda;  Phyllopoda 
Crustacea,  Higher;  let  Malacostraca 
Cryptodifflugia.  138;  inifarmu,  118 
Cryptoglena,  J53;  pigra,  1S3 
Cryptogoniminac,  397 
Cryptogonimus,  3S1,  391,  39S;  ck)i',  398 
Ccyptomonas,  161;  aula,  161 
Cryptonchua,  491;  auiui,  493 
Ctedoctema,  iSi;  aauOkocrypU,  163 
Ctemqwda.  6S9 


Cut 


S>9 


Cucullanus,  538,  j3o;  diuUarua,  s 

Cucutbitella,  315,'  mapSHarmii,  J15 
Culex  (tarva),  944 
Culiddae  (larva),  944 
Curreoti  in  water,  influoice  of,  18 
Cyanaphycea«;  m  Algae,  Blue-Gteen 
C3ranaplQtcin  granules,  loi 
Cyalbocephalinae,  433 
CyatbocephalBs,  433;  frwKdlBi.  433 
Cyalhocotyle,  409 
Cyathomooas.  160;  tnmeata,  iGo 
Cybister  (adult),  94< 
Cydanura.  353;  orbUalata,  153 
Cydc  of  nutlcT,  107 


.dbyCoOgIc 
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Cyclidium,  . 

CydoaxUdae,  3S3 

Cydocodum,  jS>;  matabilt,  iii 

CydocypridiiiW,  813 

CydoQrprU,  819;  Sorbai.  Sii,  lattii,  Si3 

Cyclonm'i,  i6ji  oMmiJiiru,  163 

Cydophyllidei,  4J9 

Qrdopidu,  774 

Cyclops,  774;  Dau[diiu  d,  744,  sccoad  suge 
of.  744;  Offiiarnu,  780,  Midia,  lit-  "^^ 
775,  bicelor,  780,  Mou^iifiUiu,  776,  jfw- 
tnoAu,  780.  ftaaa,  778,  Uuckatii,  Tn, 
moitttm,  778,  phaitnatu,  779,  froiiiHii. 
779,  lonfMiu,  779,  iMsNiu,  776,  fanm, 
777.  winewK,  779.  i**Ki,  775 

Cydarchido,  444 

Cydortuphi  (brva),  946 

CydotcUa,  116;  conHa,  136 

Cydothrii,  859 

Cydustera.  445;  cafile,  445 

Cylinders,  plankton,  7j 

CyliodrDcaim,  1651  Hivliita,  165 

Cylindrocapaacgai,  165 

Cyliodrocyttu,  137;  diflaifara,  137 

CylindnMpenniun,  111;  itagaalt,  1  r  I 

Cylindiotaenia,  450;  amrrieana,  450 

Cjmutopteim,  iji;  apieviala,  131 

Cyii]bel!&,  119;  cuipidaia,  119 

Cymbetlaixie,  iiS 

Cynibiodjrta  (adult).  93C1 

Cypboderia,  319;   jnt^Wla,  119,  var.  >d>t(- 

CyprU,  819:  itHOfem  (CyprU).  Bio,  eaadpla 
(Cypria),  810,  tiHfwni/ni  (Pbyaocypria). 
831,  mm  (Cypria),  811.  eiaa  (Cypris), 
Bii,  otAahmea  (Cypria),  811.  pmluhua 
(Phyncypria),  8»t 

Cjrprididae.  807 

Cypridinac.  8 10.  813 

CypcidopBDac  807 

Cypridopiu,  807;  viiaa,  807 

Cyprinotus,  814;  amaieo»iu  (Cypria),  816, 
bwlinflimenrii  (Cypris),  816,  (fma  (Cy- 
pria). 817.  denMa,  796.  (Cypris),  816, 
inoHtntiu  (Cypris),  815,  pdlacUa  (Cy- 
pria). 81s 

Cypri^  S13.  817;  alUiiima  (Cypria),  817, 
aKuritamm  (Cyixinotua),  SiE,  biirlHig- 
(MtMiii  (Cyprinotus),  S16,  crau  (Cyprino- 
tiu).  817.  dtnlala  (Cyprinotus),  S16,  fusaUa 
(Cypris),  818,  r""*"  (Paracypris),  819, 
inconpnau  (Cyprinotus),  815.  pellMiJa 
(Cyprinotua).  815.  fitrdegoia  (Poracyprii), 
819.  pubera  (EuTytyprit),  814.  rtliailala 
(Cypris),  818,  lesmdHOria  (Cyprii).  818, 
nrau.  791,  (Cyprii),  817 

Cypniscnia.  iOT5:  irronla,  1015 

Cyprois.  809:  martinaU,  809 

Cyrena.  loiS;  carMittnnt,  1018 

CymeOa,  lotsj  fiariiano,  lotg 


Cynnellidie,  1019 

Cyrenidae.  1018 

CyttoliqihiHia,  181;  mucictla,  1S3 

Qrrtooia.  S99;  teta,  S99 

Cystkerd,4>7 

CyMiEtnaia,  til 

Cystktrcui,  451;  faidalarit,  447 

Cyittdkola,  517;  Jariotui,  in,  ttr 


Cystocercous  cetoriat.  411 

Cytbmdae.  SaS 

Cytholaimiu,  489;  InmcMa,  489 

Dacnitk,  518,  519 
Dacnitojdes,  530;  eMyltiphorii,  530 
Dactylococcua.  isj;  inftuumtm,  i; 
Dactylotlwce,  15a;  briuaiti,  150 
Dadaya.  737;  maatpt,  737 
Dallaka,  379;  fnmlala,  179 
Dalydlia,  34D;   anmtera.  34  . 

aUneaia,  361.  363.  hMfttti,  343,  dedfti,  341, 

tutmami,  341,  faircMUi.  34.,,  i 

■uriUM/KM.  361,  363,  mokicaiu 

34'.  343.  344.  racialeriaKa,  341 

347.  riffwwfH,  347.  viridii,  346 
Dalydlidae,  340.  36 1 
Danudflies    (Odonats.).    aquatk;     nymphs. 

8gi;  sit  Insect*;  Odoosta 
DBphnis.   694;  arcuata,  696,  nwntlato,   696, 

loneilpina,  677.  696,  697,  var.  jlyoliiM,  697. 

vsi.  Imtiremii,  69J,  magma,  694,  ptillaaa, 

695,  ^Ntei.  695.  var,  dolikrii/a,  695.  var.  ivr- 
tinislrii,  695.  var.  iHiMKAaAa,  69s,  var. 
tUusa,  69s,  var.  pulicaria,  69s. 

696,  vai.  bmictpi,  696 
Daphnidae.  694 

Darwinulidae.  807 ;  ilnciuMit,  807 
DaacyllidBC.  9431   (larva).  943 
Daaydytes,  630;  mWtriiu.  630 
Daqn]ytidae,  630 
Dasymetn,  406;  (onferla,  406 
Davainea.  4411  ihhuIhu,  441 
Davaineidae,  441 
Debaiya.  141;  ^ypbapmiui,  143 
Decapoda.  819.  844;  let  Malacostraca 
Deadincoelum.  354.  361,  364;  ladnm 


364,  Sf 


364 


Dendrocnnetea.  198;  patadeau,  198 

Dendromonas,  3471  tirfaria,  347 

Dendrosoma,  198;  radians,  198 

Denticula.  133;  inflaJa,  133 

Derepyiis.  164:  amarpka,  3E4 

Dero,  640;   limoia,  640,  aUuta,  640.  ^crruri, 

DeiopristU.  391;  httpida,  igi 
Deroilama  elangaimm,  361.  363 
Derostomum.  348 
Damariiia  irregnlarii,  359 


Deanidjum,  136;  jchaorttK,  136 


,db,Googlc 


Desmopachria  (adult),  94: 

DexmotboniCB,  736 

Detnda,979 

Denotrkha,  iSo;  t^^gia,  iHo 

Diamesa  (larva) .  945 

Dl^riunosoma,  690;  brackyumm,  691, 
ItiuUetibtrgiaHiiM,  691 

DiaptomuB,  7561  aHetjutrqaetisis,  771.  ash- 
LWi,  t6s.  aiy"™*™".  769.  *a*<n.  77o. 
biriti,  758,  clavipa,  760,  cdtraieniu,  759, 
ceHiptdatiu,  767,  darsalis,  769,  riimj,  765, 
/ranfucoDK!,    766,  jiul'iyi,    761,   ktlepui, 

760,  JJHtoRI,   761,    MJHHjtU,    764,   tlHinilJ>- 

*KM>i.  7S7,  *n«i>iKiico>iiiJ.  77".  miJiii, 
771,  tregoHensii,  757.  'paiiidus,  758,  ^«r- 
purau,  771,  reifkardi.  757.  saUilliinis,  768, 
nMtnJfKui.  767,  lAcikime,  763,  sictiii,  763, 
lialoida,  773,  jifntcmufa,  773,  jpoJufo- 
iTmo/iu,  766.  ifajfufii,  76S,  feiiHUiiiKb/iis, 

761,  jyTtoiBt,  761,  iyrdli,  7S9,  wonii,  764, 
muiinjtommJi,  770 

Diaschiza,  593;   hwdit,  593 
Diatoma,  131;  ei0K;ii<«M,  131 
Diatomaceae.  131 

DiatiHiu  (BadUariactae) ;  icc  Algae.  Fresh- 
Water,    eid.    of    Blue-Green;    Badllario- 

[Z>ti(ifMitHi|  cordiups,  431 

Dicheleatidae,  7S4;  >«  Copepoda 

Dichothrii,  iij;  MKn-^pM,  113 

DicnKoeliidae,  407 

DJcrocoeUum,  407 ;  JendrUkum,  408 

Dictyocyatia,  148 

Dictyosphaeriutn,  1491  puUkelluM,  149 

Dictyospbaeropsis,  150;  palalina,  150 

Didiiuum,  171;  tiastUum,  171 

Didjonops  (ima^),  915,  (nymph),  930;  tiHi- 

DiSerentiator,  50S,  509 

Difflugia  114;    acumwala,   135,  corona,   114, 

cmslricla,   m,  lAa,   234,  lobostama,   234, 

pyriformit,  iis,  atctolakt,  114 
Digenea,379 

Diglena,  589;  forcipala,  589,  riulrrito,  589 
Digononta,  619 
Dile[Hdidae,  444 

Dilepls.  444;   transfusii,  444,  uHOalen^is,  444 
Dileptua,  175;  p(oi,  S7S 
Dimorapbococcus.  14S:  fiutafiu.  148 
IMna,  659;    anoCHlala,  659,  /crtidd,  660,  mi- 

crmloma,  659,  ^ona,  659 
Dinamoeba,  iig;  •uroM/u,  119 
DiiKutes  (adult),  937 
Dinobiyon,  164;  ttrtvlaria,  164 
DinocWidae.  569,  597 
Dinocbaris,  597;  ^iUwii,  597 
Dinoaagellida,  i6g 
Dinoraonas.  24S;  vorax,  14S 
DimqB,  607 


Dioctophyme,  513;  rauU,  513 
Dioctopbymidae,  513 
Dioicocestus,  448;  paronai,  448 
Dkirchis,  443;  aaiMinata,  443,  aim 
DiphyHobotbriidae,  431 
Diphyllobotbiiinae,  433 
Dipbyllobotbrium,  431;  latum,  431 
Diplax,  593;  Bidais,  S93 
Diplobothriuin,  37: 
Diplocardia.  643 

Diplocbtunys,  110:  JragUii,  ik>,  Hmii»,  iii 
Diplodiscus,  3B7;  Umpaatia,  387,  413 
Diplodisdnae,  3S7 
Diplodontinae,  861 
Diplodontus,  861;  despicims,  861 
Diplogaater.  488;  fictor,  4S8 
Diptogonoponis,  433;  frflwiii,  433,  434 
Dipkris,  593;  dmitiiae,  $93 
Diplopballus,  448;  fotymerplua,  44S 
Diplophrys,  233;  orchtH,  233 
Diplopostbe,  446;  iocni,  447 
DIpliHtomulum.  411,  414;   cuticala,  411,  nt- 

Dip  Dcts,  67 

Diplaa  [two-winged  fliea),  aqiiaHc,  909-916, 
917,  943-946;  black-Sies  (Simuliidae), 
913,  key,  9'7,  943-946.  larvae,  917.  midges 
(Chironomidae),  914,  wing  venatian,  910, 
916;  i«  Chiniaoinidae,  Iniecta,  Sunufiidae 

Dipylii^dae,  440 

Diacodiilidac,  644 

Disease  geims,  water  aa  onveyor  □[,  1068, 
transmiaaioii  of,  106S 

Dispeisal  of  freah-water  life  (biology),  13 
.  Di^baragus,  526,  ardeaa,  317 

Distemma,  589;  setitcntm,  589 


>S4:  . 

Disloma  dendriliatm,  408,  hdkv,  423,  Uma- 
oiaium,  408,  oriata.  408,  pUyorckii,  397, 
nfofu,  423,  ToruAiU,  406;  see  Dittomum 

Distomata,  388 

Distome  cercariae,  414 

Diilomam  atpersvm,  391,  centrafpendkiilatiim. 
411,  fiexHM,  391,  auriaitMuM,  396,  dupli- 
calum,  4it,  naduioium,  396;  see  Dutama 

Distribution  ol  life,  33 

Distyla.  593;  intnmt,  593,  dJUmwu.  593 

Diurdla.  59;;  stdtala,  595,  titris,  361,  393 

TKversty  of  fresh-water  life  (biology),  i] 

Diiidae  (larvae).  944 

Dobioa  flies  (Siali^dae);  let  Insecta,  Neuro- 
tera,  Sialididae 

Doddium,  139;  baailtim,  139 

Dolichodonis.  4S4;  jl 

Donada  (larva),  943 


Dorocordulia  (imago),  936.  (nympb),  931 
Dorylaimus,    48s;     /eamdus.    485,    tabyrin- 

Ikaibmia,  4  85 
Domlia,  3111  palmai,  311,  ^umna,  311 


.dbyCoOgIc 


DiscuncuUdae,  J13 

Dngooflies  <OdoiitU),  «quttk;   la  Idmcu 
and  Odonatk 


Dredge,  coae,  68.  pyramid,  71,  Iriusle,  71 


;  faidM*.  4SI,  hiut^ 

Drepftoothrii,  710;  imlala,  710 

Dnnnagomphui  (inu(a),  934,  (nymph),  gjo 

Dromui,  loii;  drfmut,  loii 

DnineUa  (inu^).  910,  (aym[di),  gii 

Diyaps  (adult),  941 

Dunhevedia,  73s:  trans,  jij,  itrrcia,  jiS,  ' 

Dwarf  plankton,  6;  ttt  PlaokEoo 
Dymomia,  1009 

Dytiaddae  (adult*),  94a,  (Unae),  943 
Dytiacui  (adalt),  908;  941 


EcbiiKKDljde,  441;  rmekri,  441 


EchiiH>pbaivi>hium,  391 
Ecliinorbynchus,547;fjfai,  541,  loJueiMC,  54S, 

UuaitM,  54S 
EdmiDgtoman  391 ;  spiimUtum,  jg  i 
Echlnostome  cercariae,  410 
EdunoMomidae,  390 
EdiiudrUus,  643;  atymmtlricta,  643, /njHfiu, 

643,  Hitalru,  643 
Ectoprocta,  951 
EiaenicUa  (Hdodrilui).  643;  Mratdui  (Hdo- 

drUut).  643.  forma  /mfa  (Helodiilui),  643 
Elakatotlirix,  isi;  viridii,  151 
EUiptio.  1000 
Etmis  (adult),  94> 
Ekxlea,  191,  193 
Elvirea,  148;  chmie.  ni 
Emta  mtra,  457.  458 

Enchelys,  373;  pupa,  173 

Enchytiaeus,  643 

EDcyonema,  139;  tuttrwaidU,  119 

ElndoproctB,  951 


Enteromorpha,  iGi;  initilinalii,  161 
Entocytbere,  806;  cambana,  806 
^ttospboa.  157;  nilcaJwi.  ^57 
Eo^hota,59i:  diplata,  i<ji 
Ephemera  (imago),  91S,  (nymph).  g>i 
EphemtreUa  (imago).  910,  (nymph),  911 
Ei^iemerida     (maydies),    aquatic,    88^-888, 

917,918-913;  keys:  917;  imagoa,  918-911; 

nymph*)  911-991;  «c  Iniecis 


Ephydatia.  307.  309,  314;  a^etiStrwia,  311. 

aerelli,  jii,  fitnaililit,  309.  jafnita,  310. 
ladyi,  951.  MtUjii,  309,  nMeri,  309,  31a 
rcbtata,  310,  stMivut.  309,  iidMii,  jio 
Epiaeachiui  Onugo),  935,  (nymph).  930 
EpicorduUa  (imago),  93^  (nymph),  931 


Epiplratma  ftucipennii,  911 

Epipyxil,  363;  alricuha,  363 

Episcbun,  755;  taaulru,  756,  naadauii,  756 

Epiaioa,  449 

Epiatome,  948 

Epiitylis,  19s;  fiofiaiiu,  395 

Epithonia,  134;  imgida,  134 

Epithemiaceae,  133 

Eranciqjhaeni,  153;  viridU,  153 

Eretmia,  603;  Irilkrix,  603 

Eigasilidae,    783-786;     key.    7a4-676;    m 

Copepoda  and  Siphrarastomata 
Eigaailiu,  783;   caenUttu,  785.  ctiilnrMia- 

nm,   783,   duMlaa^iiaemii,  786,  /mtialt, 

784.  labracu,  785,  vtnicalor,  786 
Eachaneustyla.  iSS;  bratkylaita,  388 
Eitberia.  673;  Mfrofi,  674.  caUjaruica,  674, 

omttiamvau.  674,  Hf^  674.  mencama, 

G75,  mend,  664, 67].  iMBcmvMi,  G74,  tiltta, 

6JJ 
£(t«Di(9iiM  caernlcKm,  1047 
Ethmolaimui,  491;  auMncamu,  491 
Euaatnim,  140;  tlttani.  140 
Eubnochipus,  668;  frimdyt,  670,  doJoyt,  669, 

gcUdui,  669,  knlmairi,  66S;  670,  mwAw,  669, 

jtrrotiu,  670,  wnuJu,  668 
Eui^Iiiamdae,  s68,  593 
Euchlania,  595;  mamra,  595 
EucnmgoDyx,  843 

Eudorina.  146,  167:  eiegami,  146.  367 
Euglena,  iji;  ifirngyra,  151,  Uridii,  151 
Euglenida,  3ji 


cugiEniaae,  351 

Euglypha,  130;  alvtalalt,  131,  iratkiaU,  131. 
citiata,  131.  cma^rejio,  131,  crufote,  330, 


Euglj'phidae,  338 
Euichthydina,  634 
EuUmellibranchia,  994 
"  '         "',  673;   asairitU,  673,  I 


EuDotia,  134;  peduialii,  134 
Eufwra,  1019;  lin^eyi,  1019 
Euplotei,  391;  durait,  391,  pallia,  191 
Euiyalona,  730;  aaUenMit,  710 
Euiyzaeloo.  993;  onfihmyt,  993 
Euiycerdnae,  716 
Eurycercus,  716;  luMeUalui.  717 
Eurycypris,  B14;  pubera  (Cyprii),  814 
Eurynia,  loii 

Euiytemora,  730;  iU!!hu,  7s6 
Builmiigyius  papillana,  533 
Euthyploda  (imago),  918,  (nymph),  911 
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Eutreptia,  1511  viridii,  151 
EiceotToqituera,  155;  viriHi,  IS3 
Enatence,  ciHulitkmi  of,  31-60;  bottom  nute- 
liBk,  14,  difiereildatjoa  in  bottom  material, 
15,  distiibutioii  of  lije,  js,  in  Uko,  13,  in 
L^e  Michigan,  3;,  doimaocy,  43,  muclt 
bottonu,  16,  references,  60,  tenigiiiouB  bot- 
toms, 96 


Fairy  ghrimin:  see  Fhyllopoda 

FoKiala,  3S9:  ktpaUia,  389 

Fasciolidae,  389 

FasdoUcae,  389 

Fascialoides,  389;  mafna,  389 

Faadolopsis,  389 

Fauna  relicta,  la 

Faionius,  S4S 

Ferriuia,  985 

Filaria,  534;    aMpUaiiMc,  .    ,.  .  .    .. 

iingula.  S15,  ciilHdiHU,  314,  Micmta  (Pele- 
dtus),  514,  Kilida,  534,  pkyiaiurn,  515. 
salitaria,  511.  514,  tUtmaliira,  S17,  Iruc- 
niKha,  316,  u^nHom',  514 

Filatiidae.  534 

Filarioidea,  513 

Filaniides,  5111  mtatdwttm,  Jli 

Filkollis,  548,  ssi;  0iPi«tfi,S49.*i*rfM.S49.SSi 

Fimbraria,  449;  t^Mta,  449 

Firobriaiiidae,  449 

F[shes,  Fresh- Water,  1039-10651  adapt- 
ations, 1039,  adjustment  to  biological  en- 
viroomeQl,  105s,  to  current,  1033,  to  light, 
1054,  to  tempenture.  lojo,  dispenal,  1037, 
enemies  of,  1061,  homes,  1041,  migratioD, 
1040,  nest*,  1043,  number,  1033,  origin, 
1033,  1035,  of  adapted  faunas,  1064, 
planlctmi  and  fish  life,  1081,  references, 
1066,  lecondiuy  sexual  characters,  1047:  ttt 
Vertebrata 

Fish-dies  (Sialididae);  att  >"«"*»,  Neurop- 
tera,  Sialididae 

Fish  Ufe,  planktim  and,  loSa 

Flagella,  138 

Flagellate  protozoa;  itt  MasUgopbora 

Flatwotms  (Flatyhelminthes),  15;  free-tiv- 
ing;  ste  Nemertins  and  Turbellaria;  para- 
sitic; tee  PaiaAJtic  Flalworms 

Fleas,  aquatic;  see  Cladocers 

Fleiiphjrlluin,  374;  «JmfaJHm,  374 

Flies;  black;  see  Insecta  and  Simuliidae; 
damsel,  dragon;  ste  losecta  and  Odonata; 
fish;  Id  Insecta  and  NeuropCus;  too- 
winged;  see  DipCcia  and  Insecta 

Floridese,  ijs 

Floscularia,  609;  campdMUata,  s6i,  609,  tien- 
Uta,  609,  preboscidea,  609,  imtli>ia,  609 

FtoKularida,  571,  609 

Flosculuiidae,  571,  609 
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Flowing  waters,  1 

Fluctuations  in  Dumbers  of 

Flukes;  see  Tremstoda 

Flunuoicola,  991;  HMOatluma,  991 

Food  relations  of  aquatic  '"'""I'.  53,  54 

Foraminifers,  iji 

Fordyce  pump,  79 

Fragilaha,  133;  crotaneiuii,  133 

Fragilariaceae,  131 

Fraocda,  135 

Pnitricdia  nJtau,  953 

Free-living  flatwomu;  see  Nemerteans  and 
Turbellsria 

Free-living  nonatodes;  set  Nematoda,  free- 
living 

Free-living  Roundworms;  im  Nematoda,  free- 

Ficsh-water  algae,  biolasy,  life,  etc;  Me  Al- 
gae, Biidogy,  Life,  etc,.  Fresh-water 
Fiontipoda,  S68;  nnunJiu,  868 
Frontonia,  380;    ieucas,  iSo 
Funiculus,  94S 
Furcocercous  cercariae,  431 
Furcularis,  389;  ftrfaita,  389,  lenfiielt,  389 


Fyke  nets,  63 

Godinin,  9S0;  reHcultita,  9 


119 


Gammarus.  843;  Iimhmoi,  S43 

Gaset,  dissolved  in  water,  ]G,  distribution,  37. 
solubility,  37 

Gasterostomsta,  379 

GsstaroMomous  cercariae,  411 

Gasterostomum,  379 

Gastropoda,  970,  977 ;  tee  Molluscs 

GaMt<4wdidae,  570,  603 

(iastropus,  603 ;  kyplepta,  603,  llyHfer,  599, 603 

Gastrostyla.  189;  ileinii,  189 

Gastrotricha,  fresfa-water,  16,  611-631:  dis- 
tribution, e>4,  excretory  organs,  633,  key, 
614-630,  locomotion,  Sia,  references,  631, 
structure,  63 1 

Geminella.  163 

Genicularia,  133:  ipirvlatnia,  13S 

Cetplaia  nifro/iuM,  360,  slaUi,  360 

Geo[Janidae,  360 

Cerda.  193;  lignmidei,  191 

Gemdae,  933  ^ 

Giganlarkynchiu  InrtidimaceHt,  541 

Gillia,99i;  oJCtfu,  991 

Gill  nets,  64 

Glass,  water,  87 
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GlenodiDium,  170;  ftilvitcvlaa,  170 
Gloeocapo,  106;  polydermaliai,  loS 
GloeocyiUs,  1501  veskuioiui,  ijo 
GloeoUeniuin,  153;  laileljberteriamim,  iji 
Glocotbece,  104;  UHt^aeni,  104 
Gloeotrichia,  ii<;  piium,  114 
Gloaaipbonia,  651;  comfiamUii.     6sa,    /lUfo, 

Sji,    hilerecUla,    eji,    luphtitidta,     651, 

ilatnalii,  dji 
Gtoaaiphomdae.  65 1 
Glypthelmins,  404;  guitla,  404 
GnUbobdellae.  656 

GnatbostoiDB.  5jo:  JwrrUinn,  530.  >ociait,  530 
GnathiHtoinitB,  ;55-78i;   key.  7S5-781;  m« 

Copepoda 
GnxtluMtomkbe,  530 
Goleiildaia,  154;  radiala,  154 
Gomphusdma  (unago),  91J 
Gomphonema,  179;  afiunnvdiiifii,  1^9 
Gomphonemaceie,  119 
Gomphosphacria,  1051  apoKtia,  los 
G<Hnphus  (imaeo),  914,  (nymph),  930 
Gonatonona,  143;  vmtrUeiMm,  143 
GoDatozygon,  135;  ralfiii,  13s 
GoDidea,  looi:  oh^hJiiJii,  1001 
Goidjacea,  16,  36s,  S06-S10,  S3S-S*i;  devel- 
opment, S36,  key.  S3T-S4'.  references,  551, 

553;  set  Acantbocephala,  Nematoda  (Para- 

litic),  Parasitic  Roundironns 
Gordius,  5391   alvceiuU,  539,  JaiiareiiUlui, 

SAO,  s*',  itidyi,  S4".  li-tatia,   no.    5*1. 

tmitareoltUiu,  540,  fUUyee^uliu,  541.  54a, 

pueriUi,  533,  siJ/Drf,  540.  541 
Gorgodera.  399;  miitiiiKi,  399 
Gorgoderidae,  398 
Gorgoderina,  399;  aUentuiia,  399 
Gorgodeiinae,  398,  41 1 
Goniobasis.  993;  virginka,  993 
Gonium,    145,   166;    pectorait,    145,   366,  la- 

daU.tfA 
Giaphodem  (adult),  941 
Grapple,  SE 

Graptoleberis,  714;  laludiiiaria,  794 
Grimaldiaa,  711;  braiai,  711 
Gromia,  333:  ^taialUii,  133,  lerncola,  333 
GryporhyDchua,  445, 43 1 :  clitUaiicTUlrolui,  445 
GuDdlochio.  9S6;  merkiaiia,  986 
Gymnamoebjda,  119 
Gymnocephala,  415 
GyaUDcephBlc 


GynmolaeinatB.  951 

Gymaomfra,  73S 

Gymoostiimina,  ifi 

GyniDozyga,  135:  btMimtU,  13s 

Gyratriddae.  353 

Gyralrix  kermaflirmiilus,  353 

Gyraulus,  983;  a.  1.,  983 

Gyretes  (adult),  938 

GjTinidae  (adults),  937,  (larvae),  943 


Gyiinus  (adult),  937 
Gyrocoelia,  447 
Gyrodactylidae,  374 
Gyrodactylus.  374 
Gyrotoma,  993;  dmtunMi,  993 

Habiophlebia  (imago),  910,  (nympfa).  911 

Uaenio[»s,  637;  grandis,  658.  loltralit,  65S, 
marmoriUii,  638,  plumbeiu,  658 

Haemotococcus,  166 

Hageoius  (imago),  934,  (njimph),  919 

Hair  snakes;  itt  Gordiacea 

Hainromu:  ite  GordUw* 

Halipegtu,  408;  occidualit,  408 

Haliplidae  (adults).  •138,  (larvae),  943 

Haliptus  (adult),  938,  (Urva).  907, 943 

Halteria.  286;  gramlineUa,  186 

Hapalosipbon,  113;  kibemieia,  itj 

Hafdobothriinae,  433 

Haplobothrium.  433;  tUbtdiftrvu,  431 

Haplonema,  3161  iiKimiUititm,  516 

Httplopoda,  739 

Haplotandae,  641 

Baptotaxis  tmiiiarius,  64a 

Haipactiddae,  780 

Hairingia,  607 ;  aipoda,  607 

Haasallius,  391 

Haastilesia,  409;  Iricoler,  409 

HaataCella.  191;  radiam,  191 

HRlmris,  538;  andraplwra,  53S,  firslnif,  51S 

Heleopera,  337;  pUla,  iij,rftta,  917 

Hdiozoa  113,  134 

Helisoma,  98a;  s,  s.,  983 

Helminthes,  365;  lee  Paraaltic  Worms 

Helochares  (adult),  939 

Helooimbus  (adult),  939 

Helocorduiia  (im^o).  996,  (nj'mpb),  931 

Helodrilus  (Eiseniella),  643;  tttratdrui,  643, 
fonna  pu^.  643 

Helopbonia  (adult),  939 

Honeiobiidae  (dabson  and  Gdi  flies),  898- 
899;  (adults),  934;  JM  losecU  and  Neurop- 
tera 

Hemidplostyla,  187 

Hemidium,  369 

Hemilastena.  1007;  ambigua,  1007 

Henuptera  (water  bugs),  aquatic  and  semi- 
aquatic.  893-896,  917,  933-934;   key.  917, 

Hemiltomidae,  409 

Hemktomum,  410;    (luva),  434;    craltntM, 

410,  dtnticulalum.  411 
Hemiurus,  391 

Heptagenia  (imago),  919,  (nymph),  931 
Herpetocypiidinae,  810 
Herpetocypris,  811;    barbalia,  811,  nfttm. 

Si  I,  leilvdinaria,  813 
Heronimidae,  384 
Heronimus,  3841  ehdyirat,  3S4 
BtrptbdtUa  pmcUiia,  659. 
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HerpobdeUidu,  659 

Hopostciron,  169:  amfeniaia,  169 

Heuerina  (itnago),  913,  (nympb),  948 

Hetenkklae.  sji 

HeteranUiera  Fonuitea,  191 

Hetoochdlidae,  533 

HeUnkcyats,  loj 

HctenuDMtigiiU,  148 

HetetonuMigidBe,  146 

Heterom^aiift,  311,  314:  artyroiperma,  m 

reptiu,  31J,  ryderi,  313 
HeteromiU,  1491  Bvaia,  149 
Heuroaema,  356:  acHi.  156 
Hcteropbiys,  3, 


HeiuaitA,  tso;  infialo,  350 
Heiotriclu,  177:  flotMii,  177 
lUbenwcula,  193, 949 


key,  651-660, 

iduidia,  648, 

660,  repmlucu 
HirudioidBe,  SjS 
Biruia  mcdkmaiit,  b;7 
Hiitiio,  390;  mlXiiliau,  390 
HiiCriobalaDtidium,  381 
HolopetUdu,  693 
HdopetUum,    G93; 

(lniim693 
Holophrya,  373 
Hokntk^  188;  IB 
HokiBtonulA,  409 
Hobstome  cercuiae 


of  ttudy,  651,  oe- 
649,  refermca, 
647,650 


Holotricha,  371 
Hormidium,  161;  nifeiu,  171 
Honnotpora,  163;  nuOabilu,  16} 
Homostrb,  3871  tUipticil,  187 


tlormotiU,  1481  MxcifOM,  148 

Host,  intomediate,  37i,priiiuuy,  373,  Kcond- 

ary,  37' 
Hyaidla  kniiktrbackeri,  843 
I^alodbcua,  319;  rubieiuidm,  319 
HyaMamp,  fintOrata.  135 
I^ralosfritenia,  3131  cwieata,  133,  tUgaiu,  333, 

fapilic,  313 
Hyalotbeca,  13s;  dUtWau,  135 
I^daticui  (adult),  941 
I^^tina,  599;  t«(a,  599 
HydatiDkUe,  569,  599 
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ojijodu,  330, 311,  pdliia,  jit,  pplyfia.sii, 

tiridii,  310,  nndunnw,  330,  m^oni,  330; 

iw  Hy(kx»oa 
Hydtacuiaa  (water-mites).  Fresh-water,  17, 

851-875;  development,  855,  key.  859-874, 

methods  of  study,  857,  occurrence,  8st, 

refereoce*,  S75,  slnicture,  853 
Hydrachna,  860;  cca^apkica,  86a 
HydrachnidBe,  S60 
I^draena,  938 
Hydiobaenus  (larva),  945 
I^drobius  (adult),  94a 
Hydiocampa,  903 
Hydrochaiis  (adult).  940 
Hydiochus  (adult),  939 
Uydrodrius,  933 

Hydrocoleum,  109;  hcmatolrielnmi,  109 
Hydrodictyaceae,  160 
Uydrodictyou,  160;  reliculaluM,  (60 
HydroBco  sulphide  ia  streams,  39 
Hydrography,  1;  la  Limnology,  Oceuialocy, 

Rheolosy 
HydixmwRnis,  505 
Hydrometiidae.  933 
Hydtophilidae  (adult),  938,  (larva),  943 
Hydr<^)hiliu,94o 
Hydnqwrus  (larva),  941,  (larv*  and  papt), 

go8 
Hydn^MvcUdae,  937 
Hydioptilidae,  936 
Hydrosphere,  i 
Hydrovatus  (adult),  941 
Hydroioa,  Fresh-water,  316-333;    key,  3*0- 

313,  medusae,   318,   refereocei,   313;    lu 

Hydia 
Hydiyphaiitea,  861;  rHier.S6i 
Hydryphantidae,  860 
Hydrypbantinae,  861 
Hygrobates,  874;  longipalpu,  874 
I^grobatidae,  863 
I^grobatinae,  873 
Hymenolepididae,  441 
Hymeoolepis,  443;  com^khii,  443,/iinu.  443, 

metalefi,  443 


Hypalimaioa,  38,  38 
Hypotricha,  386' 
Hysterophora,  333,  361 
Uysteiothyladum,  5341  traekymitm,  534 
ByttricHi  pafUlima,  333 
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Hydra,  316-331;  devek>|xiieQt,  317,  habitat, 
318,  key,  3K1-311,  nMtbodi.  319,  structure, 
316;   (araU,  331,  fuita,  331,  irtMO,  3*cs 


IchthyDbdeDldae,  655 
Ichthyonema,  533; 
Idiogeoes.  441 
Ileonema,  371;  diifar,  ijt 
Ilybiosiuna  (adult),  941 
Dyinu*  (adult),  941 
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nyoayptat.  711;  aai^nu,  713,  Myi,  713. 
UHtinmii,  713.  ifriidm,  713,  ipini/er,  713 
Ilyocypns,  Sog;  irarfyi,  810,  (tUa,  S09 


;  pectimatut,  810 

IncnuUtion  on  aqiutic  iJacU.  185;  car- 
bonate of  lime,  187,  gelatinous  covering, 
187 

IneffigiaU,  149 

Infusoria  (Ciliate  Protozoa),  Freih-watci,  14, 
138-143.  171-3001  dlia,  138,  139,  dliMe 
protoEoa,  13B,  conjugation.  141,  key, 
171-300,  metboda  of  study,  141,  |diy>k>log- 
ical  processes,  141,  references.  300.  repro- 
duction, 141,  structure.  139;  J«  PiotOBta 

Insecta,  aquatic,  17,  87&-g4ei  adaptation  to 
water,  876,  of  larvae  to  aquatic  life,  S7S, 
lieys.  917-946;  of  adults,  934-93S.  937-94>; 
of  imagos,  918-931,  911-917;  of  larvae, 
917,935-936,943-946;  a(nyraphs,9i'-9"». 
918-931;  recognitioD  □(  chancten,  S80, 
references,  946,  wing  venation,  916;  ice 
Coieoptera,  Dipteia,  Ei^temeiida,  Hemip- 
teia,  Lepidoptera,  Neuroptera,  Odooala, 
Pleo^itera,  Trich<q>ter> 

Intermediate  host;  se»  Host 

Inveatigaton  in  Freah-Wata  Biak^y,  1 1 

lo,  991;  tpinoia,  991 

loU,  4S9 ;  odaHgidare,  481 

Iroou*.  4S6;  amefitanus,  486 

Ischnura  (imago),  914,  (nymph),  999;  atrti- 
calu.  893 

laopoda,  819,  &41;  fw  Malaconrtca 


Jaws  (troplii)  of  n 
Jenaenia,  348;  fimttHi,  34S 
Journals  on  Fresh- Water  Biology,  m 

Kerona,  187;  peiitiilia,  187 

Keys  to  Fresh-Water  Bblogy;  Algse,  Blue- 
Green  (Cyanophyceae),  104-114,  Algae, 
excl.  of  Blue-Green,  ii;-i77.  Aconthoceph- 
ala.  S4S-SS1.  Animalcules,  s87-*"9.  9S>- 
95  S.  Ai^dae.  787-788,  BadllHriaceae, 
iJS-i34.  Bryozoa,  951-953,  Chlorophyceae, 
134-174,  Cestoda.  4iEf-4S'.  Cladocera.  689- 
739,  Copepoda,  755-781,  784-786,  787-788, 
Coieoptera.  937-943,  Diplera,  943-946, 
Ephemeridi,  918-gii,  Ergasilidae,  784-786, 
Gastrotricha,  614-630,  Gnathoslxinuita, 
755-781,  Gordiacea,  537-541,  Hemiptera, 
933-934,  Hinidinea,  651-660,  Hydra,  310- 
3J1,  Hydiacarina,  859-874,  Hydrozoo, 
3JO-311,  Infusoria,  171-joo.  Insects,  917- 
946,  MoUusca,  977-1010,  MalacostracB, 
841-850,  Maatigophora,  143-170.  Nema- 
toda,  Free-Living,  481-505,  Nematoda. 
Parasitic.  5JO-535,  Neuroptera,  934-936, 
Odonata,  912-931,  tMigochaeU,  638-644. 
Ostracoda,   S06-S17,   Fbaeophyceaei   174- 


175,  Porifera.  306-315,  PtMcnoa,  119-136, 
"43-300,  Pli3rll<«x>da,  666-675,  Kbodo- 
phyceae,  175-177,  RoUtnia,  587-619, 
Sarcodina,  319-136,  Ttichoptera,  936-937, 
Trematoda,  374-414,  Turtxllaria,  333-364 

KirchnerieUa,  151;  oieia,  151 

Koenikea,  863;  amaaa.  865 

Krcndowskija,  863;  mM,  86j 

Kurzia,  718;  latUtima,  ;i8 

Labidalei  licutui,  1036 

Laccobius  (adult),  939 

Laccophilus  (adult),  940 

Ladnularia,  617;  tociaUi,  561,  575,  617 

I'crymBriB,  174;  eltr,  174 

Ladona  (imago),  917,  (nymph),  933 

Laevapei.  98s 

Lagenophrys.  197;  rafinMala,  197 

Lagerheimia,  154;  gencetiuit,  154 

Lakes.  1,  4,  5;  age  series,  49,  drculatioQ  of 
water  in,  17,  conditions  of  existence  in,  13, 
in  Lake  Michigan,  35,  epUimnion,  98,  hypo- 
Unmion,  ]8,  38,  thermodine,  iS,  38,  waves 
and  their  action,  18 

Lamellibranchia,  970^994;  tee  MoDaaca. 

Lampsilinae,  1007 

Lampmlis,   1009;    mala,    loio,  reeU,    loii. 


Land  planarians;  tee  TuibeUaria 

Lanthus  (imago).  914,  (Dynq>fa),  919 

Lani,  986;  neuienyi,  986 

Lan  (adult).  941 

Lasmigona.  1005 

Lastena,  1001;  iaia,  looi 

Lateriporus.  444 

Lathonura,  716,'  rettinitrii,  716 

Lataaa.6S9;  fanimm,  6go,  nft/ers,  690 

Lfttonop^s,  691;   JtidaUata,  691;    ataieit- 


Lebeitia,  867;  i 

Lebertiinae.  867 

Lecbriorchis,  407:  drnjoJiu.  407,  fn 

Ledtbophoia,  340.  361 

Lecquereusia.  iii;   ephlawHum,  lis. 

Leeches;  lee  Hurudinea 
Lemanea,  175;  tandoio^  175 


faii-jiutfiiila,  867 


Lepidodenno,  6 

boidei,  615,  npiantatHm.  625 
Lepidoptera  (moths).  903,  917;  nc  Inaecti 
Lepiduius,  671;    biiviatiu,  671,  cmBnt,  6 

tlaciaUi,  671,  lemavmi,  671 
Lepocindis.  153 
Lepodermatidae.  402 
Lepemit  metaltUt,  1031 
Leptidac  (larvae),  946 
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LqMophlebu.  (imago).  9i9>  (nympb),  gjt 
UHorkyiKhus  itnUfir,  736 
Leptozoama,  135;  caUnulala,  13s 
Lepyrium,  994;  skatBulUri,  994 
Leraaridae,  784;  i«  Copqxida 
Lernacopodidae,  7841  tM  Copepoda 
Lestea  (imago),  913,  (nymph).  891,  91S 
Leuccnithnis,  391.  407;  wtcntteri,  39a 
LeucocUoridium.  409,  413 
Leucophrys,  178^  pctnU,  278 
Leucortunia  (imago),  917.  (nymph),  931 
Leydigia.  711;  acoHlluarcaida,  jii,  quaJnii- 

Ubellula  (imago),  917.  (nymph),  931, 93] 
Liebnktlhnia,  133;  Mttfneri,  333 
Life,  distribution  of.  35;  let  Eriatence,  con- 
ditions of 
Life,  Frcah-wateti  ue  Biotogy,  Freshwater 
Light,  intensity  of ,  33,  penetntioo  in  water  of, 

39,  30,  vs.  migration,  31 
Ligula,43i 
Ligulinae,  431 
Limnadia,    6731    ammcana,    673,    coriaaa, 

673 
limnadiidae,  E73 
Umnebius  (adult),  939 
UmnesiB,  870;  Uslriomca,  870 
IJmnesiopsis,  86g;  numala,  S69 
Limnetic  region,  4 
Limnetidae,  673 
Limneti^  673;   brnifmu,  671.  t^aUU,  671. 

tracUicenttj,  671.  mucrauliu,  761 
Limniu,  615;  teralcpkylU,  61  s 
Limnicythere,  806;  iUiturisentis,  S07.  ntiat- 

lalo.Sof- 
Limnaeiilaini!  macnrHS.  774 
Limnochares,  859;   afiu/tmi,  839 
Limaocbaridae,  839 
Dmaocaida,  311;  twJifa.  313,  tkadaia,  311, 

lonianykae,  3-21;  see  Hydmzoa 
Limnodritui,  6411  dapafeJianui,  641,  grdalli, 

641 
Umnobgy,  1;  lakes,  1,  4,  j,  hmnetic  region, 

4i  littoral  region.  4,  ptnids,  1,  pools,  3, 

Limnomennis,  505 

Limnophilidae,  936,  937 

Umnoplankton,  6;  let  Plankton 

Lionotopsis,  175;  amir,  175 

Lionotus,  376;  vrvtHiatBiUi,  176 

Lioplai,  988;  iKtcariiMfa,  9S8 

Liporhynchia,  340, 361 

Uiiola.  980 

Lissoflagellsta,  143 

Lithasia,  991;  armitera,  991,  %tiiiadala,  993 

Littoral  region,  4 


3EX  1099 

Littondlna,  990;  „ 

Lopfaophore,  947 

Lepkopui  triilalUiua,  954 

Lorlcatina,  591 

Loiocephalus,  iRo;  tnuuiletia,  180 

Loiodes,  174;  nilmm,  J74 

Loiogeoes,  400;  ananam,  400 

Lotophyllum,  375;  niltalum,  375 

Luaua  veTMiadalai,  1031 

Lumbridllus,  641;  naSm,  641 

Lumbrlculidae,  643  - 

Lumbriculus,  641;  manulMU,  641 

Lutrochus  (adult), '943 

Lycaitvidts  aUicata,  631 

Lychnothamniu,  174 

Lymnaea.  980;  aiirUiiIaria,  981,  uriiuKas, 
981,  kiddemam,  981,  mttatama,  980,  tbnasa, 
981,  MhKtu,  981,  ilatitalii,  980,  HUAauu 
9S1,  1.  s„  980 

LymnaddaJe.  980 

Lyngbya,  108 ;  ntqjn'.  108 

Lyngbyeae,  107 

Lyogyrinae,  991 

Lyogyrm,99i;  fapgidtiu,  ggi 

Lysianas^dae,  843 

Lythogl3^fainae,  990 

Macrobdella,  6jK;  iecara,  656,  lalwHa.  656 

Macromia  (imago),  915,  (nymph),  930 

Macronychus  (adult),  943 

Macrostominae,  33S 

Macrostomum.  338;  appendicutalum,  338, 
hytlrix,  33S,  iHut/tntM,  339 

MacTolhricidae,  70S 

MacTOthrii,  713;  ieryjUKmea,  715.  tUgUa, 
715.  hirnUiamis,  714,  lalicmiis,  714.  inw- 
(ono,  714,  foieo,  715,  lenuicarnii,  715 

MalaCDStraca  (Highet  Crustacea),  818-850; 
cave  spedes,  837,  development,  833.  habi- 
tat, B33.  k^,  841-850,  method  of  study, 
840,  occurrence,  818.  rderences,  830,  struc- 
ture, 830;  i«  Cntstacea 

Mollomonas.  360 

Mammals,  aquatic.  1031-1024;  rderenccs, 
1066;  la  Vertebrata 

Man  the  modifying  agent  in  ftesh-wMer  life, 

Uanaymikia  iptekia,  631 

Mancasellus,  841 

Margaritana.  995;  marturitiftra,  995 

MargariLanidae,  993 

Uarimintt  Jorbuae,  643 

Marl  and  mari  lalua,  aquatic  ^danta  factors 

in  formation  of,  307 
Marshia,  780;  albnqitrquauis,  780,  breneau- 

iaia,j3a 
Maatax,  538,  360 

Mastigamoelia,  143;  Iffngiflam,  143 
Maatigophoia  (FlagdUu  Protoioa),  Fteab- 

water,  14,  13S-170,  300;  ( 
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Sagella,  138,  key,  143-170,  metliods  of 
Mudy,  141,  pieudopodia,  >iS,  phynolc^i- 
cal  procHKS,  141,  reference*,  300,  lepro' 
ducUon,  341,  structure,  1381  set  Protozoa 

Mutogloia,  1181  imiMi,  iiS 

Matter,  <^cle  of,  107 

Matui  (adult),  941 

Mayfliei,  aquatic;  tee  Ephemcrida;  lusecta 

Maiociaei,  375 

Meadow,  aquatic,  197 

Medionidus.*  1015;  cfHradiaa,  loij 

Mediorbynchus,  S49 

Medusae  of  Hydrozoa,  318 

Megadistomum,  39  a 

MegalotTDCha.  6171  albafiariauu,  611,  6ij 

Megalurous  cercariae,  416 

Mcsaihinus  (laiva),  944 

Melampinae,  978 

Melampus,  97B;  bidaUala,  979.  buOoUei,  979, 
hempkiili,  979,  limaliu,  978;  s.  s.,  978 

Melicerta.  61s:  rintau,  575,  6is 

Melicertida,  574.  611 

Melicertidae.  61 J 

Melosiro.  1161  variani,  116 

Melosiiaceae,  iiS 

Menoidium,  155;  ptUucidum,  155 

Meridion,  131;  conilrklum,  133 

Meridionaccae,  131 

Merismopedia,  105;  deiaiu,  los 

Menni^  sos 

Mennitbidae,  503.  5 10,  534 

Menmyana,  515 

Mesenchytraeus,  641 

Meaocarpeae,  141 

M<K>cestoid«,  44a 

MMocestoididae,  440 

Mesodinium.  17s;  pnUx,  171 

Meaomennii,  503;  virginiana,  303 

MeaoMoma,  iS';  ehrmieriii,  351.  pallersaiii. 


Meaotaetiium,  138;  cndluktrianum,  138 

Mesotbemis  (ima^),  917,  (nymph),  931 

MetabalbiD,  temperature  vs.,  33 

Metaoema,  157 

Metastrongylinae,  511 

Methods  of  CoUectins,  61-S5;  bottam,  70.  by 
pyramid  dredge,  71,  by  runner  net,  70,  by 
triangle  dredge,  71:  fish,  61,  by  fyke  net, 
63,  by  giU  net.  64.  by  net,  61-66,  by  seine, 
61,  by  trammel.  61,  by  trap,  6j,  by  turtle 
net,  66;  invertebrates,  in  littoral  vegetation, 
67,  by  Birge  net,  68,  by  cone  dredge,  68,  hy 
dip  net,  67,  by  grapple.  68,  by  plankton 
pump,  ;o;  in  open  water,  qualitative.  71, 
by  [:Jankton  cylinders,  73,  by  townet,  71; 
in  open  water,  quantitative.  74,  by  clock 
pump.  So,  by  dosable  piankton  net,  77, 
78,  by  idanktOD  pump,  78,  by  quantita- 
tive [dankton  net,  74,  by  threahei  tank- 


pump,  So,  by  water-bottle.  So;  refeKnco^ 
S&-89;  spedal  methods,  85 

Methods  of  Pbotographing,  86-88;  under- 
water, 86,  by  screen,  86,  through  wat«t 
glass,  87;  Fcferencea,  88-89 

Metoiadia,  397;  e/renbtrgii,  597 

Metopui,  384;  titmndii,  184 

Metorchis,  393;  comfltna,  393 

Metriocnemus  (larva),  945 


Meyen 


f,3o8 


MicnsteriBs,  140;  papiliifera,  140 
Micrathyria  (imago),  917 
Microceicous  cercariae,  419 
MicTochlamys,  311;  paUla,  aat 
Mictocodides,  609;  rabmslm,  609 
Microcodon,  609;  cfanu,  609 
Mioocoleus,  109;  ddUalnlui,  109 
Microcotylae.  cercariae,  416 
Miaocotyle,  375 
Microcotylidae,  37s 
Microcystis,  105 

MicTodioB,  619;  paradexa,  577,  619 
Microdinidae,  619 
MicTodonidae,  6og 
Microgromia,  133;  lecialis,  133 
Mkrohydn,  318,  319,  3111  rydai,  313; 


Microphallinae. 

Microphallus,  401;  epacut,  370,  401 

Microqwra,  164:  omanu,  164 

MkroBtomidae,  337 

Microstominae.  337 

Mkrostomum.  337;  coiiJaliiHi,  338,  lUuatt, 
337,  pliiladdpkiciim,  361,  variable,  361 

MicTothamnion.  170;  IMiiHgianiim,  170 

Microthorai,  383;  mffoftu,  183 

Micro-trichoptera,  901 

Mideopsis,  86s:  wbicnituis.  86s 

Midges;  see  Chironomidae;  Insecla 

Migrations,  daily  depth,  31,  light  vs.,  31 

Mimodistomum,  393 

Miraddium,  371 

Mischococcus,  148;  conftnitclc,  148 

Mochlonyi  (larva),  944 

Moini.  703;  nffiiiii,  705,  brachuUa,  704, 
fiagtOala,  701.  macrotepa,  70s,  micma, 
704,  piaadaxa,  70S,  ncSiosIra,  703 

Moinodaphnia.  703;  aUbamamt,  703,  mac- 
Uayii,  703 

Molannidae.  936 

Mollusca,  Fre^  and  Brackish-Wats',  iS,  957- 
1010;  daa^fication.  970,  mllection  and 
preparation  of  ^jedmens,  gCo,  distribution, 
9S9i  jaws  and  lingua]  membrane,  968,  key, 
977-1010.  measurement  and  descriptive 
terms,  969,  radula,  973,  references,  loao; 
i«  Gastropoda;   LameUibianchb 

Monadida,  143 


,db,Googlc 


Monaa,  146;  Jluida,  146 

Monhystcra,  500;  lenJinu,  500 

MonodlU,  164 

Monogenea,  374 

Moaogonoata,  587 

MoDonchus,  486;  major,  4S6 

MonopUthocotylea,  ^74 

Monopylepbonis.  641 

Monopylidium,  446 

Monosiga,  258;  mUa,  isS 

Monospi'us,  7j8;  dispar,  738 

Monostoma,  381;  qjfiw.  j8i,  antiwi,  381, 
aspmtim.  3&i,faba,  384.  incommiidiim,  381, 
tHiilU,  397,  mulabiU,  381,  anialNM,  381, 
ipalutalum,  3S1 

Moaostomata,  381 

Monostome  cercariae,  41a 

MoKosUxHUM,  381 

Monostroma,  161;  baltasMiit,  i6t 
.    MonostyU,  S9S;  /wuirii,  S9S 

Monoiooic  cestodes,  419 

Mobs    iQimalculea;    lu    Ajiimalcules;   Biy- 

Moths,  aquatic;  ta  InMCta;  L.e|»daptera 

Mougeotia,  138,  143 

MuKulitun,  1019:  pariumeiHm,  1019 

Mycoideactac,  171 

MyosyringaU,  jii 

UyriapkyUum  ipkaltim,  t8i 

Myaidacea,  Sag;  hc  Malacostraca 

Mysidacea,  S44 

Uyiii  rdicltt,  844 

Myionema,  168:  lubnatn,  16S 

M)rx[>phyceae;  tet  Algae,  Blue-Greeo 


Nais.  639;  comniMM,  639,  eftojuu,  639 
Najadkola,  871;  mgeia.  871 
Nannoplanklon,    6,    7,    84;     centrifuge.    84, 

Sedgewick-R after  aaod  filter,  83,  study,  84, 

{quantitative), 83;  lu Plankton 
Nannotbemis  (imago).  936,  (nympfa),  931 
Nasiaeschna  (iroago),  91;,  (Dyniiih),  93a 
Naiaula.  176;  onutla,  976 
Natural  waters,  bacteria  in,  96 
Naucoridae,  933 
Naupliui  of  Cyclops,  744 
Navicula.  118;  thyitchecepkala,  198 
Navlculaceae,  117 
Nebela,  iiG;  cMaris.    116,    ititiUltma,    117, 

jttA^am,  116,  lagtniformis.  ii6 
Nttalor  amtritanut,  51],  jii 
Nehallennia  (imago),  923,  (nyraph).  gsS 
Nelumbo,  181 
Nematbelminthes    (roundworms),    15,    50G; 

let    Acanihocephala;    Gotdiacea;    Nema- 

toda 
Ncmatocera  (laiva),  943 


Nematoda  (free-living  and  para^tic  round- 
wonos),  Fresh-Water  16,  365;  lie  Nema- 
toda, Free-Living;  Nematoda,  Paiaatic 

Nematoda,  Free-Living,  459-503;  ampbids, 
46G,  bursa.  476,  cuticula,  463,  development, 
464,  digestive  system,  467,  distribution,  461, 
eaophagua,  468,  excretory  organ  (renette), 
470,  formula.  481,  liabitats,  439,  key,  4S1- 
505,  locomatioa,  470,  metboda  of  study, 
478.  Dumber,  460.  occurrence,  460,  refer- 
roimdworms,  459, 


Nematoda,  Parasitic,  506-510;  510-535; 
bursa,  ^14.  development,  516,  esophagus, 
513.  key,  5SO-S3S,  We  Wstory,  s'7,  ii9. 
movement.  511,  oral  aiqiaratua,  513,  refer- 
ercra,  ssi-SSi.  reproductive  system.  516, 
structure.  511,  tail,  514,  threadworms,  Sii; 
lu  Acanthocephala;  Gordiacea;  Nematoda 

NemaUideum   inUgameHti  lambrkuii  limeH, 

Nematomorpha,  jto 

Nematotaenh,  450;  Hspar,  45a 

Nematotaeniidae,  449 

Nemertina  (Nemerteans),  Freah'Water,  15, 
454-458;  development.  457.  habitats,  454, 
occurrence,  457,  references.  458,  struc- 
ture, 455 

Neoechinorbynchidae,  545 

Neoechinorhynchus,  545;  cyliiidraliu,  546, 
emydis,  546,  pacahentii,  545,  ImeUui,  546 

Neomermis,  503 

Neoplanorbis,  9S6;  teKftUw.  9S6 

Nepa,  934 

NepMaptii  ebtcwa,  659 

Nephrocytium,  151;  afordluamim,  151 

Nepidae,  934 

fiertii  limitkola,  631 

Nerltidae,  994 

Neritina,  994;  rtdhaia,  994 

Nerthriidae,  933 

Net  plankton,  6 

Netrium,  13B:  lameUanim,  13S 

Nets,  ei;  Birge,  68,  care  of.  66.  dosahle 
plankton,  77,  dip,  67,  crriHS  of  plankton,  78, 
fykt,  63,  gill.  64,  quantitative  plankton,  74, 
rtumer,  70,  tow,  71,  trammel,  61,  turtle,  66 

Neumania,  871;  ipimpts,  871 

Neurocordulia  (imago),  916 

Neuiopteia  (dobson,  fish  and  spongilla  flies), 
Fresh-Water,  897-S99;  keys,  (adults),  934- 
935,  (larvae).  917,  935-936;  ite  Hemero- 
biidae;  Insecta;  Sialididae 

Niphargus,  843 

Nitetia,  173 

NiteDeae,  173 

Nitzschia,  130;  lineani,  130,  ifw>Mi»,  374 

Nit      ■■ 
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6ot,  davalaliu,  601, 


Nodularis,  ii 
Noatoc,  no: 
NoWoctte,  1  m 
Nostochopiu,  113;  ttbal*.  113 

NoUiu,  605;  fuadrieomu,  605 
Notbalca,  tej;  hn[iifHui,  603 
Notoojtylidae,  3K1 

Notocotylut,  383;  VHJMfiKnrM'u,  383 
Notodromu,  S08;  menacia,  79S,  BoS 
NotommaCs,  sgi;  ourila,  591,  Unitona, 

mmcata.  556,  591 
NotommBtida.  jS? 
Notommalidiie.  5S7 
Notomnwtina,  587 
NotonecU,  9J4 
Notonectidae,  g 
Notopa,  601;  b 

^cl^finu,  601 
Nbtopsidne,  569,  599 
Notosolenus,  157;  erbiciJorit,  2 
NotoBlrua.  671 
Nudauia.  3 jj ;  timli*^.  >J3 
NuJocalylt  naticia,  383 
Nuphar,  193 
NupharetuiD.  196 
Nylandera,  171;  leKlaenlala,  17 
NjrmphulB,  903 


Ocouology,  i;  peUttic  ns>on>  * 

Ocbromonas.  160 

OcthelHiu  (adult),  93B 

OcfohilViiuii  latillalum,  37s 

Octocotylidae,  37  s 

Octotrocha,  615;  jpccina,  S15 

Odonau  (dunselflies,  draganflies).  Preah- 
Water,  S89-S93,  917,  9>J-93';  dnmndfly 
nymphs,  89 1 ,  keys,  917;  dragonflies  {Imaeos), 
931-927,  (nymphi),  928-933;  tet  InMcta 

Odontalona,  730 

Odontidium.  133;  mnlabiU,  131, Ubtanria,  133 

Odontoceridu,  93S 

Odon,  cause  of.  1073,  observation  of.  1073 

Oeciites,  615;  breris,  6is 

Oedogoniiceae,  167 

Oedogomum,  167;  erttmlalo-aalalitm,  167 

Oikomoaaa,  144;  ileiiiii,  144 

Oligabidl*  bioHtmlaU,  654 

OHgDchaeta  (earthworms),  Fresh-Water,  633- 
64s;  biokigy.  63s,  eicretory  organi.  633, 
key,  63S-644,  locomotion,  636,  methods  ot 
study,  636,  occurrence.  633,  references. 
G45,  reproduction,  634,  Blructure,  633;  tie 
Chaetopods 

Oligorchis,  441 

Olisthaoelia.  349;  i;aR;a,349 

OlUthandlini,  349 


Oncbolaimdlul,  4S7;  >rt»f»nu,  487 

Oncholaimus,  4B7,  ptmOatia,  487 

Onchosphere,  417 

OnyiluJromaprii  Jtexilii,  iSg 

Onycbodromus,  2K9;  tranJit,  3S9 

Onychonema,  136;  taete,  136 

Onychopoda,  738 

Oocanlium,  141;  stralHm,  141 

Oocystis,  151;  saUlaria,  iji 

Oogonium,  119 

Oospore,  119 

Opco-water  collecting;  lee  Methods  of  Collect- 
ing 

Opercularia,  395;  fiUalSis.  39s 

Ophidooaii,  639;  scrpeiUina.  639 

Ophiocytium,  157;  cffcUeare,  157 

Ophlogomphus  (imago),  994.  (nymph),  919 

Ophiotaenla.  43S;  fiiaraidti,  415,  438,  tmtiii, 
439.  lem^HrtH,  438,  penpiaia,  439 

Ophridinop^  196 

Ophrydium,  ig6;  ekUtarnii,  396 

Ol^iryocotyle,  441;  ^rafnu.  441 

Ophtyoglcna,  378:  atta,  378 

Ophiyonia,  708;  frodlu,  708 

OpisthodoD,  176 

Opiathorchiidae,  393 

Opisthorchiii.  393;  pieudefMmtta,  393 

OpisChotricha,  189 

Opistomum,  340 

(^ganisms,  water;  (fleet  of  ptenure.  34,  eo- 
vironment,  g,  fluctuatious,  54 

Orchcstiidae,  843 

Oribatidse,  874 

Omatae,  cerctriae,  419 

Orthocladius  (larva),  945 

Orthoirh^jha  (larva),  943 

Orthosira,  136;  arichJaa,  116 

Osdllataria,  to8;  limcsa,  108,  pnlifica,  108 

Osdllatorjceae,  107 

Oiphranlkum  tabronedum.  774 

Ostiacoda,  790-827;  devc^ofMnent,  797,  ifis- 
tributiiHi,  801,  genital  organs.  79s,  liey, 
806-837,  methods  of  study,  S03,  occur- 
rence, 799,  rdermces.  B37,  itmcture,  791; 
tet  CruKacea 

Ovatdla.  979 


Pachydiplax   (imago),   917,    (nymph),   g]3: 

lantipoHiis,  890 
Palaemon,  845;  shifna,  845 
Palaemonetes,  S4S;    tiilita,  845,  puMna, 

84s.  ndgarij,  84s 
Palaeimntiai  sanltri,  ftfs 
Palaemooidae,  845 


,db,Googlc 


147 


.   1S3 

Palmodoctyloo,  14S 
P4laiodictyon>  149;  *h'«<>i,  149 
PaludeMrina,  989;  nkUiniaua,  9S9 
Paludialia  thmbirsii,  951 
Paludicola,  554 

Puntdugus,  1181  hyaiiniu,  iiS,  mulMUi,  iiS 
Pudorina,  14s,  3671  marum,  145, 167 
PuiiMU,  g«i,  catapkraam,  861 
PinUla  (imagd),  917,  (nymph],  931 
PRracaDdana,  8131  mfietttUa,  813 
Puacypris,  8ij;  pandis  (Cypria),  819,  ptrdi- 

tatu  (Cypris),  81  g 
PuafoDimus,    3901     kdtitiMi,    390,    Tutsler- 

Puacordliu,  5391  tarna,  539.  embryo  ol,  S36 

ParaliHiella,  7^4 

Paiuncnnii.  505 

Pwvnoedun,  iSi;  eaiidatum,  iSi 

Paramphiilfma  urrii,  413 

Puamphiitoiiudae,  385 

Pamnpbistominu,  385 

Pmnui,  639;  liUraUt,  639 

Parapoayi,  903 

Panptcra,  1017;  gradlU,  1017 

Paraiitic  Copcpoda,  781-785;  us  Argulidac; 
Copepods;  Ergasilidae;  Siphonostomala 

Parasitic  Flatwonns,  365-453;  adaptability, 
366,  external,  367.  metboda  of  study,  3&8, 
number,  365.  period  of  free  existence,  366; 
lee  Cestuda;  Parasitic  Worms;  Trematoda 

Parasitic  Roundwonna,  5cfi-55];  diQeicn- 
tiatot,  508,  relercDces,  551,  techuic,  507; 
IM  Acanthocepbala;  (iordiacea;  Nunalixla, 
Parasitic:  Parasitic  Worms 

Para^tic  Womu,  365-369,  451;  adaputions, 
36s,  external,  367,  methods  ot  study,  368, 
period  of  free  existence,  366,  references, 
451;  la  Acanthocephala;  Cestoda;  Gordi- 
Bcea;  Nematoda,  Paraulic;  Parasitic  Flat- 
worms;  Parastic  Roundwormsi  Trema- 
toda 

parmulina,  131;  cyalMus,  ill 

Faniidae  (adults),  941,  (larvae),  943 

Parophryoius,  70B;  liAutttliu,  708 

Fectinatella,  954;  owiiMuica,  948,  954 

Pectinibranchiata,  g36 

PedalKHi,  613;  fniriim,  613 

Pedalionidae,  613 

Pedetea,  613;  aallalfr,  613 

PediaslnuD,  160;  baryoHum,  160 

Pedipo,  97S1  umsnUalus,  97S 

Pedinooorii,  933 

s.  1003;  fabula,  looy. 


J19 
PeloDomus  (adult),  941 
Pelorempis  (larva),  944 
Peltodytes  (adult),  938,  (larva),  943 
Peoium,  158;  ciuurbilmum,  138 
Pentagenia  (imaso),  918,  (nymph),  991 
Peranema,  155;  iriehapkanim,  15s 
Peraoemidae,  155 
Peridinium,  170;  Uibulaiant,  370 
Peri^Hia,  173;  tirepkcioma,  373 
Perithemia  (imaeo),  916,  (nymph),  931 
Peritricha,  191 
Perla,  883 

Petalomanas,  156;  pUurmifma,  356 
Pbacus,  133;    hnticauiia,   153,  pUuFontcUl, 

"S3 
Phaenococa,  348;   Ufufut,  348 
Phaeophyceae,    174-17S;   liey.  I7*-I7S;  "* 

Algae,  Fresh-Water,  exd.  of  Blue-Green 
Phacocata,  359;  tracilit,  359 
Phalaosterium,  138;  ditilatiiM,  ij3 
Phanerogams,  aquatic,  198 
Phaioolodon,  377 
PJnoJoncma  cydatlamam,  156 
Philhydrus  (adult),  940 
Philobdella,  657;  flmidama,  657,  tracile,  657 
Ptulodina.  6ig;  brycei,  577,  619,  meala,  S19 
Philodinidae.  G19 
Philopotamidae,  936 
Phormidium,  loS;  ndijtaciai,  loS 
Photographing,    Methods    o(,    86-88;     set 

Methods  of  Pbotograj^iing 
Photography,  uuder-water,  86;   lu  Methods 

of  Photographiog 
photokineiis,  318 
Phragmitetum,  196 

Phreocyctes  {Haflolaxis  tmisjarius),  641 
Phryganea,  901 
Phryganeidae,  936,  937 
Phiygandla,  137;  ktmiipkatrUa.tiB.nidiiiiu, 

137 

Phycochromophyceae;  stc  Algae,  Blue-Green 

Phycoerythtin,  117 

PtOFOophaein,  117 

Phylactolaemata,  951 

Phyllodistomum,  399;  amtricaimm,  399,  fo- 
lium, 414.  4>l 

Phyllomitus.  148;  omylopkagHi,  148 

Phyllopoda  (fairy  shrimps),  661-675;  col- 
lecting, 666,  development,  664,  key,  6e&- 
67s,  occurrence,  661,  665,  refemtces,  67s, 
structure,  66>;  let  Crustacea 

PhyUosiphon,  173;  arisari^  173 

Phy»a,98s;  ryfina,  985 

Physaloptera,  536;   cemlriua,  S3&  coniorU, 
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Phylocypcu,  819;  intfmvaha  (Cypru),  831. 
fnamlMii  (CypcU),  Sii 

PhysomoDts,  147 ;  thntala,  141 

PhylU,978 

PhytodagellBta,  ijg 

PhytoDuitigida,  149 

Phytonuutigophon,  159 

Pieroioaw,  983 

Pilea,  1009 

Pimtphala  nolaltu,  1048 

Pinnuluia,  177;  viridii,  117 

Pioaa,  873;  totutricla,  873,  rufa,  873 

Pioimaraa  leuckeiii,  853 

t^oninae,  S70 

Pipette,  piston.  Si 

PUektta  ttmcMa,  655 

Piiidiiun,  1019;  mrtituam,  1019 

Piston  pipette.  Si 

Pithophoro,  16G;  tflmuif,  166 

PI>CcJ>dellB.  651;  heiUmii,  654,  ownlt^iTii, 
651,  panuitica,  E53,  ^icuJota,  653.  #jbi- 
Ura,  6s4,  fwAi.  6s3i  "tgoia,  6s4;  s.  str.,  653 

Placaaphalui  hewttue,  360 

Placodsta,  131;  ipiima,  131 

Piagiola,  1013;   (/cfiMi,  1014,  itairii,  1014; 

PUgioporui,  394;  icrsftHiu,  394 

Plaek>p3niB,  115;  callida,  lid,  labiata,  316 

PUgiorchiidae,  403 

PUgiorchiinae,  403 

PUgiorchis,  404,  preximus,  404 

Plagiaimma  (?)  HanuM,  361,  364 

PliitiBria,  355;  agUii,  357.  dorelaaphala,  357, 
/eremoHii,  3SS,  Sutiginotus,  359.  sonocttA- 
<>'<><  3561  JifttirM.  35S,  macutalo,  336,  mitr- 
lani,  3SB,  limpiex.  358,  nmHiaHma.  3S5> 
frHKfiila,  3sB,  HnMfHtafa,  358,  sefala,  35S 

Planaritpi;  jwTuibelluu 

Pluuriidae,  354 

PUnktobgy,  6 

PUnktOD,  4,  G,  character  of  organism,  7, 
dwuf,  6,  Esh  life  and,  loSi,  limnoplank- 
tOD,  6,  Dannoplaakton.  6,  7,  quantitative 
Study,  Si,  by  piston  pipette,  8>,  quantity, 
47,  48,  Sedgevick-Rafter  ceil.  Si,  size,  7, 
spedmens  stuwn  in  tioiting  doth,  7;  ice 
Naonoiduiktoo 

Planlcton  pump,  70,  78;  cy linden,  73, 
quantitative  piankton  net,  74,  quanti- 
tfltive  closable  plankton  net.  77 

Ptanktonema,  1S3,  164;  hatlerbtmii,  164 

PlanoHiella,  9S3 

Ptanorbidae,  983 

PUnoibinae.  981 

Planorbis,  983 1  minnu,  9S1,  eampmndalui, 
9S3,  crista,  984,  cvllraliu,  983,  ilabralm, 
981,  kiriMus,  983,  tptrcdarU,  983,  farvia, 
984.  [ifiolnt,  983;   s.  s.,  981 

Planotbula,  9S4 

FUnt  societies,  succeasitm  of,  197 


Plants,  ampbibiaut,  i 
detiea,  197 

Plants,  aquatic.  179,  iSo;  distributioa,  194, 
factors  in  fonnation  of  marl  and  marl  lakes, 
107,  floating,  17S,  groups,  197,  growing  in 
toil,  103.  303,  hibemacula  (winter  buds), 
193,  tncrustatkin,  mineral.  183,  carbonate 
of  lime,  186,  gelatinous.  187,  leaves,  180. 
submerged.  183,  phanerogams,  198.  refer- 
ences, 109,  reproduction,  by  runners.  189, 
by  pollination  under  water,  1S9,  stomata  on 
sulnuerged  leaves,  1S4,  submerged  leave*,  . 
161,  succession  of  societies,  197,  zones,  196; 
jee  Vegetation,  Larger  (Higher) 

Plants,  water;  let  Plants,  aquatic 

Plathemii  (imago).  917,  (nymph),  931 

Platoum,  338;  ^oraiiii,  31S 

Pistycolo.  3971  decnti^>tm,  397 

Platycopa,  SoG 

PUtydorina,  145,  368;  caudaia,  145,  368 

Platybdminthes  (Flatwoms);  la  Cestoda; 
Flatwonns;  Nemerttna;  Tremaloda;  Tur- 
beilaria 

Platytridiotus,  3S8;  opalluialia,  1S8 

Plea,  934 

Plecoptera  (stoneflies),  88i-88j,  917;  nymphs, 
883;  jMlnsecta 

Plectanocotyle,  375 

Plectonema,  lit;  voUn.  iii 

Plectus,  491;  (ufrt/ir,  491 

Pleodorina,   146,  368;    cd^imac«,  168.  ilU- 

XMlfltlU,   146,   368 

Pleorchis,  397;  mollis,  397 

Plerocercoid.  1(37,  451 

Plethobasus,  looo 

Pleurobema,  999;   aaoplHu,  1000,  flora.  999 

Pleurocera.  993;    caaaiiciilMim,  993,  flaia, 

99J 
Pleuroceratidae,  991 
Pleurococcaceae.  iji 
Pleurococcus,  ija;  vultarii,  iji 
Pleurogenetinae,  400 
Pleuromonaa,  149 ;  Jaculani,  149 
Pieuronema,  3S1;  ckryiaiis,  181 
Pleurosigma,  137;  aileniialum,  117 
PleurotaeniopNS,  13S;  tiireidui,  13B 
P)eurotaenium,  138.  139;  ncdtiiaiiim,  139 
Pleurotiicha,  189;  lanaolala,  aS9 
Pleurotrocha,  589;  ffondis,  589 
Pleuroxalonella,  734 
Pleuroiui,   736;    atmlirailris,   736,   aJiuieus, 

739,  deniiculaius,  73S,  groiilis,  737.  harnn* 

IttfKi,  738,  kailaJia,  737,  praamatus,  }i6, 

tiriotm,  735.  717.  trigfrntlus,  719,  tnoKohu, 

737,  iHifHiaMs,  716,  taiidaa,  737 
Ploeaoma.  603;  hudtam,  603,  itnUciiart,  603, 

(™»«/™.6o3 
Ploesomidae,  570,  603 
Plumateila,  953;   artUaaa,  933,  potfmiirpka, 

953.  pn*C€pi,  953.  pimcMa,  934 
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fltma,  403 
PnnimoDocCM,  403;  attradtiuu,  v>i 
Podocopa,  Soe 
Podophiya,  39S;  jaa,  igS 
PoUinatioa  under  water,  189 
Pollution,  prevention  of,  1075 
Polyulenous  cetcBiUc  416 
Polyactonielli,  666;  ihmiEot,  666,  jx^yi,  667 
PolyMtemiidae,  666 
Polyarthra,  591;  plotyplera,  591 
Polycdu,  359;  tor  mala,  359 
Polyccntfoiiidie,  937 
Polychaeta,  631 
Polyduwlu*,  599;  caOHuU,  599 
Pdycotyle,  410;  anuu,  410 
Po^cyatididae,  3J3 

PiJycyUis,  333;  iotlti,  353,  rftietdli,  353 
Polymitucyi   (ioueo),  91S,   (njrmph),  911; 

alba,8Sg 
Polymorpbuh  548:  im'mttu,  54S 
PolyopisthocotyleB,  375 
PolypbemJdie.  73S 
Polypbemus.  738;  pedicului,  738 
Polyrhytis,  98 1 

Polystonu,  376;  utltttrrimum,  376 
Polystomidae,  375 
Palystomoides.  376;  mitnatum,  376,  iouoiJi, 

376,     mcgacBlyit,     377.     ii»cr«o(jrfe,     377, 

afocun,  37B,  oMmiwii,  377,  orbiadan,  377 
~  '         1,  365;  tndla,  iGj 


Pommtiopsinu,  991 

Pomatiopsis,  991;  lapiiaria,  991 

PompholigiDae,  9S4 

Pompholyi,  611,  984;  complaMa,  611,  ^um, 

984 
Pompbolyiophrys,  1351  ^iHWMa,  135 
Pomphorhyocfaua.  551 
Pondi,  2 1  age  series,  49 
Poatigulasia,  3151  jpeclabUit,  135 
PoDtoporeia,  84a;  kayi,  841 
PooIb,3 
Ponfere  (sponges),  Fresb-Water.  15,  301-3151 

collecting,  304,  devdoptnent,  303.  habits, 

301,  key,  306-315,  methods  oi  study,  305, 

refovnces,  315,  stiucture,  301 
Porphyridium,  106 

Potamanlbus  (imago),  919,  (nymph),  911 
PotftiDObiidae,  846 
Potamobiui,  846;  oilanj,  846,  tamieU,  S46, 

Inmbridgti,  S46 
Potamocypris,  SoS;  ifnani^HU,  808 
PoUmogeton,  iSi;  criipui,  1S9,  I9>,  Jmihi, 

i8j,   ktlerepkyUiu,    183,    195,   luani,    193, 
18s, 


>EX  1 105 

PaOntUa  trtda,  931 

Pruiola,  161;  criipa,  161 

Prawns,  818;  im  Maiacostna 

Prcaaodon,  ioo6 

Pressure  in  water,  34;  eflect  upon  oigtnisnu. 


Priinaiy  host;  11 


Host,  primary 
99 ;  KMHnu,  499 

640,  toftfurta,  vu. 


prrfalialus,  iSi, 
Potamogetonetum, 
PoUmopyrgus,  9901  ceretuUta,  990 


•Miiuii,  191 


Pristina,  640;  JIaeiititm 
Itidyi,  640 

Proales,  589;  tordida,  589,  litrida,  589, 
vmitckii,  5SS.  589 

Problems,  Technical  and  Sanitaiy,  1067- 
1083;  algu,  melbods  of  killing,  1076,  pre- 
vention □(  growtlui  of,  1074,  puri£catioD  of 
water  cootaioing,  1077;  bacteria,  in  water, 
1070,  badUus  coli  as  index  of  contami- 
nation, 1069:  disease,  tiansniisaioo  of,  1067, 
water  as  conveyor  of  germs,  1068;  diuiwge 
ol  swamps,  1075:  odors,  cause  of,  1073, 
observation  of,  1073;  organism)  in  pipes 
of  water  systems,  loSi;  plankton  and  fiah 
life,  1083;  prevention  ol  pollution,  1073; 
soil  stripping  of  reservoir  aitei,  1074; 
stieams  and  sdf-purification,  1078;  water, 
identification  of  source  of,  1080,  tastes  tad 

ProbofQTUs,  843;  paHJaiittla,  841 

Probosds,  341:  sheath,  543 

Pni^tids,4i4 

Ptogomphus  (imago),  934,  (nymph),  919 

Propteia,  loiS;  aUla,  1016 

Prorhynchidae,  339 

Prort^chus,  339;  apfiaitaliis,  34a,  jfafoolu, 

339 
Prorodon,  174;  mum,  174 
Prostbogonimiaae,  4«1 
Prostbogonimua,  401 
Prailema  mortHMlvM,  363 
PmstomatQua  cetcariae,  411 
Proaostomata,  379 

Protenes,  394;  Up^tt,  394,  OHfiufiu,  394 
Protenteton,  401;  dia^iamm.vi 
Proteocephalidae,  434 
Proteocephalus,  4341  nmNo^irii,  436,  (niMu, 

437,    macriKiphaiui,    433,    ptrfUxiis,    435, 

pingma,  437,  PmiOui,  437,  tingiitarii,  435 
Proteomyia,  333 

Proterocpongja,  356;  kaeckM,  158 
PnUnUpiis  auidaUalii,  654 
Protococcaceae,  i;6 
Protococcalex,  143 
ProtosiphoD,  1361  bolryMei,  136 
Protoxoa,  14,  310-300;  lee  Infusoria;  Maati- 

gopbora;  Sarcodina 
PsamathioniyiB  (larva),  945 
Psephenua  (adult),  94a 
Pseudslona,  718 

ParudodifBugia,  139;  gratilii,  339 
Pseudoedstes,  617;  ralifer,  61} 
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pMudoaida,  691;  MmJoM,  69* 


Picfopbora  (Urva),  944 

PiycbodJdte  (bnnc),  94S 

PsycbomyikUe,  937 

Ptcrodin^  fill;  caica,  611,  tasma,  611 

PtcTodbudae,  611 

Ptoodriho,  644;    tlcktniit,  644,  iutidua, 

644 
Pknnareyi  derttia,  e&4 


RdcKDcei  oi  Fiah-WU«r  Bfekay.  i8-m; 
AcanUtooqABk,  551-55*.  Algu.  Blue- 
Green  (Cyuophyceu),  114,  Algae,  eicl.  td 
Bhie-Gneo,  177,  AmphiUa  (fiUndiU), 
1066,  Aninulcules,  610,  955-956,  Appo- 
ntu5  and  Metbock,  88-89,  Bactoia,  99, 
Bstndua  (AmphJbu),  loM,  Birdi,  1066, 
BryoEoa,  955-956.  CeMotU,  451-455, 
CUdocen,  739-740,  Copepod*,  7S8-7S9, 
Cnutacea,  Higher  (MaUcoitreca),  850, 
Cyuiophyceae  (Alfte,  Blue-GlMD),  114, 
Eiiitaice,  ConditioDi  of,  60,  t^ihe*,  1066, 
GastTOttidu,  651.  Gorduoei,  551-55:. 
Hirudioei,  660,  Hydn,  511,  HydnKSriiu, 
S75,  HydroKMt,  319,  InfuiorU.  300,  ~ 


Ptycbobothriidae,  450 
PtrclBbnncbiu.  loii; 
Ptycboptofdie  (luvae),  944 


Pump;  pUnktoo,  70,  78,  dock.  So,  Foidyce. 

79,  thmbci-tank,  80 
Piuification  of  water  contaioing  algae,  1077 
PynBdae,  903 
Fymnid  dredge,  71 
Fyrenoid,  116 

Pyignlop^  990:  MMdmif ,  990 
Pyikola.  197; 
Pyiitficula,  ai: 
Pyxidiuni,  193 


Da,  aiGi ]_ 
Qualitative  metbodt  of  collecting, 

Metboda  of  Collecting 
Quantitative  pJankton  net,  74 
Quantitative  itudy;    of  nannoplanlcton,  S51 
,;  of  net  plankton,  81: 


Radiofilum,  t6j:  /L^e^ctm. 

63 

Radioaphaera,  156 

R«lii.98i 

Radula,  973 

B«natra,934 

Ranpa.  1030;  ctmMU,  lOao 

Rangildie,  ion 

183. 

>9«. 

193. 

135 

viridii 

»3S 

Rattulidae,  568,  595 

Rattulu^  s9Si   cylMfiaa. 

S95 

taoa. 

59S. 

I«««<W.59I 

Redia.371 

946, 


1066, 


MaiCigophora.  300,  MoUiuca,  1090,  Nona- 
toda,  Free-Living,  505,  fft^utoda,  Paia- 
■itic,  551^-551,  Nemertina  (NeoMrteana), 
458,  01igo<Wta,  64 J,  OstnMnda.  817. 
Paiastic  Wonns,  45J,  55'.  Planta,  Higher 
(Larger),  109,  Phyllopoda,  675,  Porifera, 
315,  Protozoa,  13&-137,  300,  RqitJks,  1066, 
Rotatona,  Gio,  Sarcodioa,  136-137,  Tnma- 
toda,  453-453.  TuibelUria,  364,  Vegetation, 
Larger  (Higher),  log,  Vertebimta,  1066; 
itt  Invettigalon  in  Freah-Wata  Blcdogy; 
Journals  on  Fresh- Water  Bidogy 

Renettc,  470 

ReolFer,  405;  dliptiait,  405,  tlcHgaliu,  407, 
mesatvrthii,  407,  HnoMUt,  406 

Roiiferinae,  405 

Reproduction,  phy^ology  of,  iio;  nt  alao 
the  sped&c  n^jects 

Reptiks,  Fresh-Water.  1016-1018;  rriemtcea 


to6fi,-  ] 


!  Verteb 


ReKTVoir  sites,  loil  Mrippiog  of.  1074,  pre- 
vention of  algae  growths  in.  1074 
RbabcUtia,  493;  cjUndrka,  493 
Rhabdocoela.  333 
Rbabdocodida,  333, 361 
Rhabdocoekiui  ccratriae.  411 
Rbabdolaimus,  494;  minet,  494 
RJubieittma  Higrnenctum,  511 
Rhabdottyla,  193;  NrMJu,  995 
Rhadinorhynchua,  550 
Rhantus  (aduh).  94a 
Rbeokigy,  i;  eviriutioii  of  stieam,  5 
Rhinops,  599;  tUrea,  565,  599 
RhipideDdroD,  iGi;  tplemUdiim,  16) 
Rhipidoglossa,  994 

Rhisodonium,  t66;  M(ni|ly^Uc)M>,  t66 
Rbisodrilus,  641;  laclau,  641 


RhiEopoda,  119 

Rhiioaolenia,  117;  tritmit,  117 

RhUosoleniaceae,  117 

Rhodophycrae,  175-177;    key,  17S-177;    MB 

Algae,  Freafa-Water,  ezd.  of  Blne-Gnen 
RhckoqifaauB,  119;  amatm,  119 
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KhtpdMaca  tar^ffada,  4: 


Rbyacof 

RhyncfacU,  999 

Rlumcbobdellae,  651 

Rbynchodemidae,  3G0 

Rkyndaitmm  atrecyetiaa,  360,  lyttoHaa,  360 

RbyDchomerostama,  349;  nulra/KM,  349 

RbyncborooBU,  146;  muida,  246 

Rl^ndutTBbot»s  papiUaitu,  361,  363 

RbyncbcMcolex,  337;  simplex,  337,  vgdmki, 
337 

RhynchotaJona,  714;  Jakala,  714 

Rhyphidae  (larvae),  945 

Rbythnu  of  fiesh-watei  orguiiims,  431  da[ly 
depUi  mignliom  vs.,  43 

Rbywta,s74 

RicbterielU,  IS4,'  holryMa,  154,  gloinjo,  154 

Kivutari*,  114;  namiUia,  114 

RivulariaccM,  113 

RosteUum,  494 
,  Kouioria  (wbed  uiinuJculet),  Fresh-WoUr, 
16,  SSJ-fiao;  body.  SS4.  corona,  SS4.  SS7, 
the  clkief  organ  ol  locomotion,  561,  coamo- 
poUtan  characteiistici,  378,  devdopment, 
S8»,  eggs,  sSo,  exccetoiy  orgam,  s6o,  foot, 
554.  jaws  (trapbi).  558,  S59.  liey.  587-6'9. 
mastax,  ss8,  560,  methods  of  study,  5*3, 
minute  males,  580,  nervous  system,  563, 
Nolommfltidae  »s  tiample,  535,  occurrence, 
554,  refeicncM,  &»o,  rclationsbips,  58G, 
reproduction,  564,  ^ledea  (perennial),  581, 
(summer),  5S1.  (winter),  jSi,  structure,  554, 
579,  trophi.  558,  559,  variationt  ol  type 
among  Anapodidae,  570,  Anuraedae,  571, 
Asplanchnidae,  571,  Bdelloida,  576,  Branch- 
iooidae,  S70,  Cohiridse,  j68,  Dinocharidae, 
569,  Euchlanidae,  568.  Floscularida,  S71, 
Flosculariidae,  J71,  Gastropodidac,  570, 
Hydalinidu,  569,  Melicertida,  574,  Notom- 
matidae,  566,  Natopsidae,  $69,  Ploe- 
somidae,  570,  Rattulidae,  J&8,  Rbiiot*. 
574,  Salpiaid>e,  567,  Seistmacea,  J77,  57S, 
Synchaetidae,  566 

Rotifer.  619;  cilriniu,  619.  ntptamut,  619 

Rotifera;  lu  Rotatoria 

Rotundaria,  999;  Itibercidata,  999 

Roundwormi  (Ncmatbdminthes).  Fresh- 
Water,  151  free-living;  ate  Nematods, 
Free-Living;  parasitic;  lee  Acontboceph- 
ila;  Gordiai^i  Nematoda,  Parasitic; 
FaiB«itic  Roundworms;   Parasitic  Worms 

Rugilera,  1006 

Sagiitaria  dUiieniis,  183,  tulam,  183 
Sal[Hna,  593;  ipinigera,  S9J 
Sal[nngoeca,  158;  cMitailaria,  15S 
SalpJnidac,  567,  593 

Sanitaiy  Probleins,  TechnicaJ  and,  10G7- 
1083;  let  Problems,  Techoical  and  SanJUiy 
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Saproptulus,  179;  afUmu,  179 

Sarcodina  (amoeboid  protozoa),  14,  110-337; 
coniugatioo,  317,  food,  311.  iij,  baint»ts, 
III,  key,  119-336,  metabolism,  116,  metb- 
ods  of  study,  31S,  lefereuces,  336-337. 
reproduction,  316,  ilidls,  114,  structure, 
311;  m  Protozoa 

Sayella,  979 

Scolenalia,  loog 

Scapholeberis,  699;  aarila,  699,  mairoiiaU,  699 

Scaridium,  J97;  hnptandam,  597 

Sceoedesmus.  139;  tuadricaitda,  139 

Sciadium.  tsi;  arbuitmla,  158 

Sdrpetum,  196 

Schistocepbalus,  433 

Scbistosomatidae,  409 

Schistotaenia,  448;  macrorkyncha,  44S 

ScluBicBnthum.  141;  arnuUitm,  141 
Schizocerca,  605;  dmriiamii,  605 
Schizochlamys,  iso;  gdafinaia,  150 
Schizomeris,  161;  leibleinii,  163 
Scbiioneoia.  138 
Schizomycetes;  lie  Bacteria 
Schizothrii,  109;  niMJa.  109 
Schlzophyceae;  tu  Algae.  Blue-Green 
Schmardacila,  63S;  fiUJurmit,  638 

Scotinosphaera,  157;  paradexa,  157 

Scuds,  838;  ite  MalacostracK 

Scutopterua  (adult),  941 

Scypbidia,  393;  /ronwnfaAJi.  393 

Scytonema,  iii;  mirabUt,  iil 

Scytonemaceae,  iii 

Seasonal  succeuion  of  (resh-witer  life  (biol- 
ogy), 10 

Seasonal  tempcralure  changes,  13 

Secondary  host;  itt  Host,  secondary 

Sedgewick-Raftei  cell,  81,  sand  filter,  83 

Segmentina,  984;  anmttfa,  984 

Seines,  61 

Seium  mnnlalia,  5  78 

Seiaonacea.  577,  st8 

Selenastrum,  159;  froeife,  159 

Sepedon,  913 

Sericostomatidae,  936,  937 

Serpbus,  933 

Setiferous  cercariae,  433 

Shore  lone.  3 

Shrimps,  818;  stt  Malacostraca 

Shrimps,  fairy;  tee  Crustacea;  Pbyllopoda 

Sialididae  (spongilla  flies),  S97-898;  adults, 
935;  julnsecta;  Neuraptera 

Sialis  (adult).  93J,  (larva),  935;  mfumala,  898 

Sida,  689;  cryilaiUiia,  6S9 

Sididae,  689 

Simoccpholus,  698:  exipinatia,  6gS,  ttmt- 
laitu,  699.  trlulia,  69S 

Simuliidae  (block-flies),  913;  larvM,  946;  ite 
Diptera;  Insecta 
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Sipblunis  (ima^),  910,  tnymidi),  931 

Sipbonaks,  171 

Siphonuia,  979;  ttiltntle,  979,  pdtoiia.  9S0: 

SiphOEiariidac,  979 

SiphoBoatomaU  (Parasitic  CopepocU),   781- 

78^;  itructure.  7Sj;  jk  Argulidae;  G>pe- 

poda;  Erguilidae 
SiayCB  (adult),  934,  (larva),  899,  933 
Slsvina,  639;  appendicfdala.  639 
Solenopbrya,  3991  pera,  199 
SomatochloTB  (imago),  916,  (aymph),  9Ji 
Somatogyrus,  991;  tub^oboiia.  991 
Soraauum,  ijg;  spi/iulBsum,  isg 
Sow-bugs,  838;  let  MalscostTBca 
Spaigaoopbjlus.  645;    ieiiMami,  643,  nimi, 

643,  imilki,  643 
Sparganum,   4i+;    maniam,  433,   434.   fre- 


Kf€n 


Spathidium.  173:  ifaUnJa,  173 

SperchoD,  870;  ^trnduiotui,  870 

Sperchooinae,  S69 

Sphaerella,  144;  tatalii,  144,  ftmialit,  144 

Sfdiaeriidac,  loiS 

Sphaerium,  loiS;  limiit,  loiS 

SphaODCystis.  i;i:  scknultri,  151 

SidiaerophTya,  199;  mufiM,  999 

Sphaeroplea,  165;  niuiiJuu,  165 

Sphaeropleaceae,  ifij 

SphaerostoiDa.  408 

Sidiacrozoima,  136;   puiclmm  var.  wf^iim, 

136,  serlebralum,  136 
Sphenoderia,  139;    dailala,   319,  IcMn,  130, 

fwurptepii,  130 
Spbenooionaa,  154;  fno^oiiriilarw,  154 
Spbyranura,  378;  csltri,  378 
Spicula,  47  S 

Spilophoca,  4S9;  canwtnm,  4S9 
Spinitectus,  537;  ^a^ilii,  537 
Spinx^prii.  813;   patiaica,  S13,  lalarciJiUa, 

S14 
Spirogyra,  143;  crassa.  143 
Spjiomoaas,  349;  anguila,  349 
Spironoura,  J33;  qJfiiK,  333,  gracBe,  533 
Spiioatomuin,  384;  ambiiuum,  184 
Spirotaenia,  137;  mmn/o,  137 
Sinnitina,  107;  majew,  107 
Sfunuidae,  515 
Spiruriaae,  sij 
SiHTuroidea,  535 
Spondylomorum,   144,   167;    VMrteniarUm, 

■  44,  367 
Spondyloaium,  136;  papWalmt,  136 
Sponga;  im  Porifcra 
Spongilla, 306.  zw; aipHuta,  zcA.baSeyi,  311, 

JratiUi,    307,    ittmijormis,    307,    /runw/rii, 

306,    nmae-Mrroe,'  307,    faupttctda,    306, 

»«i«»««'>.  308 
SpoogiUa-Oies,  897:  jw  Hcmcnibiidae;   la- 

MCta;  Ncumpura 


SpoDgomoou,  96);  dudu,  i6> 
Sporadoporus,  863;  Mtolaarii,  861 
Spores  of  bacteria,  91;  ttt  BacUflk 

Sporocyst,  371 

SporozoB,  14 

Stagnicola,  981 

Stationa,  fmh-watcf  biology,  11 

Statoblaat,  949 

Stauiastrum,  139;  aaaiattim,  139 


Stauroaeii,  iiS;  atitrpi,  iiS 

Stauroptera,  137 

Stenelmis  (adult),  941 

StenoBtomum,  334;  atile,  336,  criuber,  SJT. 
traKdc,  336,  Uacapi,  335,  ipcdoium,  335, 
lemUamda,  336 

Stcntor,  185;  coenltHi,  3S3,  pplywurplua,  185 

St^hanoceros,  61 1 ;  ackhormi,  6]  i 

Stephanodiscua,  137;  matateoe,  137 

Stephanaprora,  391;  gUbtrli,  391 

Stqihanop^  597;  inltrmtdiia,  597 

Stephanoiphaera,  14s,  366;  flatMit,  145,. 
166       - 

Sticbococcus,  133;  bacmarii,  151 

Stkborchis,  386,  lublri^uetmi,  386 

SiUlmkmma  otenicritlmm,  457.  rMbnm,  455, 
458 

Stichotricha,  1S7;  itamda,  387 

StigoDcma,  its;  mituitum,  \i3, acdtottim,  Ii3 

Stigooemaceac,  iii 

Stomata  on  submerged  leaves,  184 

Stoneflies;  im  Inaecta;  Plecopten 

Stratification  of  aquatic  oTgaoisn^  id 

Stmtiomyiidae  (larvae).  946 

Streams;  bottom  materials,  34,  bottoms, 
differentiatiOD  in,  15.  cuirent  strength.  13. 
evolution,  s.  hydrogen  sulphide,  39,  rate 
of  flow,  17,  sdf-purificatkHi,  1078.  tem- 
perature ol  water,  33 

Streblocerua,  709;  pygMotus,  709,  tariea»- 
dotui,  709 


670,  "u 
Strigea,4i' 
Stnitnla,434 

StrombiiUum.  3S6;  daparUH,  186 
StroDgyleae,  533 
Strongylidae,  531 
Strongylinae,  S3i 
Strongyloidea,  533 
SlrmttyMda  iltrceralit,  511 
StroDgylostoma,    350:     tanoafiialum,    35(4 

radialum,  3  so 
Stroogylui.  513;  tmriailaris,  531 
Strophitus,  1001;  eJenlntus,  1001 
Stygonectcs.  843 
Stylaria,  639;  fastaiarii,  639,  Uaalni,  GjS, 
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Stylet  ccrcariae,  4 
Stylobryoa,  145;  . 
Slykiiiedra,  197 
Styloaychia,  190^  lufii^Wa,  190 
SlypUodon,  405:  basaHtitmii.  405 
Submcified  leaves,  iSi;  stonuU  on,  1&4 
Suctoria,  198 
SuiireUa,  131 
.    Siuirelkceae,  130 

Sutnn,  641;  atpeslris,  643.  roitrala,  64* 
Syrnpetnim  (imago),  917,  (nymph),  939 
Swamp,  3,  5,  59:  dninage  of,  1075 
SymphyDQta,  1004;    cempLiHaiti,  1005,  iv 

Praia,  1004,  cosbM,  1005;  a.  9.,  1004 
Symploca,  109:  laciftiga,  109 
Ssmchaeta,  1911    batlica,   591,  ttyUla,   51 


:,  591;  see  Rotatoria 
Synecbococcus,  loj;  atmtinonu,  lOj 
Syncdro,  1311  loJtitd,  133 
Synflala  pmdida,  538 
Syniua,  iSa;  Htetfii,  itii 

Tabanidae  (larvae),  94G 

Tabanui  (larva),  946 

THbellarLa,  133;  /eneiCrnlii,  133 

Tabellariaceae,  133 

Tachoptetyi  (nymph),  9J9,  930 

Tachyaoma,  190;  fanislyia,  390 

Taenia,  440,  4471  craiticMii,  ujifitum,  4 

putchdla,  4  so,  tcaloptnira,  449 
Taeniidae,4  - 


TanaognBthus,  864:  ipimpa,  864 

Tanaorhampfaiu,  547;  bnfviulni,  547 

Tank-pump,  So 

TOHypia  tarnaa,  914,  (larva),  945 

Tanytaisus  (larva),  94  s 

^pewonns,  15;  lu  Cestoda;  Parautic  Flat- 

wonns;  Parasitic  Worms 
TMiroounpa,  5S9;  ammloia,  SS9 
Tanjigrada,  17 
Tatria,  449;  Iriremii,  449 
Technical  and  Sanitary  Problems,  1067-1083; 

tte  Ptobkms,  Technical  and  Suiitary 
Tefaiiatodrilus,64i;  mcfrcgeri,64t,v^dimkyi, 

641 
Telorchfaiae.  393 
Telorchis,  394:  mtdiia,  394 
Tempetature  ot  water.  311   and  metabolism, 

33,  in  ttteamt,  33,  reaction  of  animals,  34, 

seasonal  changes,  33 
Teotaculata,  17;  stt  Bryozoa 
Jetatocephalu),  496;  contaAu,  496 
Terrkola,359 
Terriginous  bottom,  '96,  45 
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Tetracoccus,  r49 

Tetracctyle,  411:  tyfiea,  411 

Tetiacotyle  lonn,  414 

Tetraeydna,  133;  tacuttris,  133 

Tetradesmus,  160;  visioniieiait,  160 

Tetraedron,  155;  ntarmc,  ijs 

Tetragoneuria  (imago),  936,  (nymph),  931 

Tetramastii,  613;  opolitniii,  613 

Tetnunitus,  151;  variMlii,  151 

Tetrapedia,  105 

TetraphylUdea,  434 

Tetraselmis,  164;  UmnOb,  964 

Tetrai^Kirs,  147;  expUnata,  147 

Tetraipoiaccae,  146 

TtlratlaiHma    aqtuaium   dulciiim,    aj;    tie 

Nemertina 
Tetiastnim,  t6o 
Thalaaaomyia,  945 
Thallanrontu,  486 

Thanmoecphalui,  670;  fiiayttnu,  670 
Tbelaaidae,  537 
Thermal  springs,  life  of,  loi 
TbermocUne,  18 
TMiderma,  997 
Tbermooecces  (adult),  941 
Thorea,  175;  ravmutimt,  175 
Threadworms;  lee  Nemaloda,  Puaatic 
Thresher  tank-pump,  80 
Throsdnus  (adult),  941 
Tburicola.  1961  vdtata,  396 
Tbuiicolopais,  396 
Thyas,  SSi;  wxuKa,  861 
Tlntinnidium,  1S61  JhaiatUa,  lU 
Tintinnus,  1S6 
Tiphys,  873;  lUiacaa,  873 
Tlpulidae  (larvae).  944    m 
Tolypella,  173;  tiidifiat,  173 
Tolypothiii,  in;  loMtla,  iii 
Torqula,  984 

Torrenticola,  864;  amMMla,  S64 
Tow  net,  7  J 

Trachelius,  375;  num.  173 
TratJidtbdeaa  vitula,  655 
Trachebnonas,  151;    kUpida,  iji.  Jagautla, 

353,  Bhuciitd,  151 
Tracheloptayllum,  173;  laeliyilatltm,  ajs 
Tralia,  97E;  mytttis,  979,  pmillt,  97S 
Tiamea  (imago).  937,  (nymph),  931 
Trammel  net,  63 


Tetmemorus,  ijS;  paaulaliii,  ij 
Telrabothriidae.  440 
Tctiahothrius,  4' 


Traps,  6s 

Trematoda  (flukes),  Fresh-Water,  ts,  36s, 
369-434,  453-453;  cercaria,  371,  371,  u 
plankton  organism.  373,  degree  of  infection, 
373,  development,  371,  intermediate  host, 
371,  key,  374-434,  miraddium,  371,  primary 
host,  371,  redia,  371,  reference^  4S»-4S3i 
^»rocy3t,37i,  structure,  369, 370;  j«  Para- 
sitic Flatwormi;  Pamitic  Worms 
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I  no  INI 

Trtntonia,  165:  fiaf^lala,  165 

Trepomonas,  149;  tgilit,  149 

TiUeDophorioBe,  433 

Tria«a(q>horus,  433 

Trungle  dred^,  7 1 

TrUrthra,  iiy,    braekiala,  613,  lantisOa,  613 

Tiiboaema,  164;  mitur,  164 

Tricluneila  sptraiis,  534 

TrichineUidae,  534 

Tricbocepbalaide*.  444 

Tridiodi,  179;  pura,  ajg 

Tiichodiuo,  391;  ptdicului,  391 

Trichoguter,  386 

Trichomastii,  150 

Trichophonu,  113 

Trichophrya,  399;  nmujta,  agg 

Trichoptera  (caddisfiies).  Fresh- Water,  900- 

903,  917,  936-9371  cava.  9™.  key.  93^^37. 

pups.  9Q31  see  InBccta 
Tricoiythus  (nymph),  933 
Triclicsiima  conltrtum,  513 
Tricbostomina,  177 
Trichostrongylidae,  531 
TiichostiongyliDBe,  531 
TrichMtionO'lus,  533;  fiitriui,  S»» 
Trichosyringata,  334 
Trichurinse.  534 
Tricliuris,  S34;  apaca,  534 
Tricladida,  333,  354,  361 
Trilobus,  joi;  Imgtu,  501 
Trinems.    131;    camplanalum,   131,  enchdyt, 

333,  Umtatt,  331 
Tiiophthalnnis,  3891  dvmialit,  589 
TriiAylus,  599;  iaaulris,  599 
Triploccras.  139;  graeOt,  139 
Tripyla,  49S;  la'",  49S 
Trijtomidae,  374 
Tritigonia,  998;  luiirailata,  998 
TrochelnuDthes,  16 
Trochisda,  IS4;  taHlui.  154 
TrochoBphaera.  613;  loliliiiatu,  613 
Trocbosphaeridae,  613 

TrochiMipoiigilla,  308;  korrida,  308,  Uidyi,  308 
TroglDtmnBtidM,  390 
Tropidiacui,  9S3 
Tropidoscjrphus.  354, 157 
Tropistemus  (adult),  940 
TnuidlU,  1008;  /uKala,  1009,  penanala,  1009,  ' 

salcaU,  1008,  Itiguelra,  10081  ■<  ■<!  "108 
Tryonia,  9S9;  daUraia,  9S9 
Tiypanorhyncha,  434,  450 
TubeHa.  313;  ^nryliiaiiiM,  313 
-  Tubifcx,  643;   nidHittosta,  641,  643,  UMftx, 

Tubifiridae,  640 

Tulotoma,  9S8;  magitifica,  988 

Tuomeya,  176;  fitnitUaiis,  176 

TtubcUaria  ((ree-livinn  flatvorms),  Freab- 
Water,  13,333-364;  cultures,  331,  digestive 
app«ntut.  3>Si  habitat,  319.  key,  333-364, 


bmd  pUnariani,  330,  methods  ol  ttoAf, 
331,  movemeat.  335.  pbotokiaau,  338, 
references,  364,  reproduction,  336,  respoo- 
"i,  318 


r.  39.  36 


Turbidity  of  fieah  w 

Turtle  nets,  66 

Two-winged  Siesi  ta  Diptera;  Iniecta 

Tyleochus,  4B3;  ctnaiWru,  4S3,  UptaU,  483 

Types  of  freah-water  life,  13 

Typhkxypris,  833;  ittawaniaii,  S14,  peinti, 

8j3 
Typhkii^anB,  330;  tihdala,  330 
ryphloplanid  from  Canandaigua  I^e,  361, 

363;  from  Irondequoit,  361,  361 
IVl^iloplaiiidae,  348,  361 
Typhloplaninl,  349 
IVrrellia,  869;  dnvUint,  869 

Ulotbiii.  161:  iMtoJa,  iGi 

Ulothrichaceae,  161 

UNaceae,  160 

Uhfella,  171;  amaicaiu,  171 

Under-water  photography,  86;   stt  Uetbods 

oI  Pbotograptdng 
Uniformity  of  fresh-water  lite  (biology),  13 
Unio,  1000;  tratiWnn,  1000,  ipinatiu,  looi, 

lalralatiiHa,  lOot ,  Miumiunu,  rooi 
Unionicob  (non-paraaitic  spedea),  871 
Unknicola  (paiuidc  species),  871;  ir«aiptt, 

8t» 

^995 
993 

Univalve,  9571  lu  MoUusO 
Uranotaenia  (larva),  944 
Urceolarja,  191 

Urceolopsia,  356;  tohtloia,  356 
Urceolos,  156;  cydailomiim,  3S6  ' 
VrnaJMi  graeilii.  gji 
UmuU,  999 

Urotentrum,  177;  lurio,  177 
Uroglena,  361;  amtriauia,  361 
Uralcplus,  3S8;  muicidia,  s88 
Uronemu.  379;  marintum,  179 
Urosoma,  390 

Urostyla,  187;  grandu,  3S7,  Irklutatltr,  iS; 
Urotficha.  373;  farela,  173 
Utricularia,  188;  aifiata,  18S,  MtfHif,  188 

Vacuoles,  103 

Vagioarieae.  109 

Vaginicola,  396;  hplojtma,  igt  ■ 

Vallisneria,  181,  190;  ipiralu,  iSt,  tSs.  189, 

190 
Valvata,  gSS;  tricarinata,  988 
Valvatidoe,  968 
Vampyrella,  334;  lalcrilia,  134 
Vanheurckia,  13S;  rhemboiiUs,  138 
Variety  of  fresb-water  life  [biology}.  11 
Vaucheria,  i; 
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V^etatkn,  Larger  (Higher),  Fre^-Water, 
178-109;  cyde  of  matter,  acyj,  evolutioa, 
igS,  rderences,  109,  zona,  1961  lee  naots, 

Veliidae,  933 

Venation,  wing,  916;   o(  stoaeSiei,  91G1   stt 

Veitebrata,  1011-1066;  adaptations,  1011, 
references,  1066:  i«  Ami^bia  (Batiachia); 
Birds;  Fishes;  Mammals;  Reptiles 


Viviponis.  9I 

Volvocaceae,  143 

Volvox,  146,  269;   oiimu,  169,  thbalar,  369, 

pergtobaUir,  169,  iptnaalospkara,  269 
Vortex,  340 

Ym'lex  (?)  amc^eni,  361,  363 
Vorticella,  193;  campanula,  193 

Wardius,  386;  abtlkkiu,  3SG 

Water;  add  ot  aJkaline  characteristics  of,  40, 
ammonia  in,  39,  bacteria  lound  in  nnlura]. 
96,  number  in,  96,  1070,  biological  con- 
ditions in,  46,  carbon  dioxide  in,  39, 
chemical  factors,  36,  circuktion.  17,  in 
lakes,  J7,  conveyor  of  disease,  1068,  current 
Strength  in  streams,  13,  daily  depth  migra- 
tioDS,  31,  43,  density,  11,  distribution  ol 
gases,  37,  of  life,  35,  eipan^on  in  freezing, 
31,  gases  dissolved  in,  36,  general  solvent, 
31,  identification  of  source  oi,  loSo,  index 
of  suitability,  46.  influence  of  currents  in, 
iS,  odors  in,  1071,  1071,  oxygen  content, 
37,  penetration  of  light,  39,  30,  physical 
conditions  of,  11,  physical  environment  of 
organisms  in,  9,  pressure  in.  34.  quantity 
of  life  in,  46,  of  plankton  in,  47,  4S,  reser- 
voirs, purification  of,  1074,  1076.  1077, 
rlij^hms  of  organisms,  43,  seasonal  changes, 
33,  solubility  of  gases  in,  37,  tastes  in,  1071, 
temperature,  31,  in  streams,  39.  terriginous 
bottom,  45,  thernial  properties,  11,  tur- 
bidity, 19,  36 

Water  Biology.  Fresh-;  set  Bioli^y,  Fresh- 
water 

"Water-bloom,"  too 

Water  bodies,  physical  features  of,  8 

Water  bottle.  So 


)£X  IIXI 

Water  glass,  87 

Water  Life.  Fre^-;  la  Biology,  Fresh-Water 
Water  organisms,  pl^'sical  environment  of,  9 
Water  plants  and  vegetation;    lee  Plants. 

aquatic;  Vegetation,  aquatic 
Water  sui^ilie*,  tastes  and  odors  in,  1071 
Water  systems,  organisms  in  pipes  of,  loSi 
Waters,  flowing.  1 
Waves  and  their  action.  36 
Wheel  animalcules;  lee  Rotatoria 
Whirligig  beetles,  906;  sti  Gileoptera;  Insecta 
Wilsonema,  495 
Wing  venation,  916 
Winter  buds  (hiberaacula),  191 
Wlastic^a,  711:  iiniilinauit,  711 
WoUea,  110;  saccala,  110 
Worms,  earth;  itt  Chactopoda;  Otigocbaeta 
Worms,  free-living;    see  Nematoda;    Nemet- 

tina  (Nemecteans) ;  Turbellaria 
Worms,  parasitic;  lie  Acanthocephala;  Cet- 

toda;     Goidiacea;     Nematoda.    Parsdtici 

Parasitic  Worms;  Trematuda 
Wyeomyia  (larva),  944 

Xanthidium,  141;  faidadalum,  141 
XiphidJocercariae,  416 
Xystonotu^  865;  aifer,  86s 

Zannichellia,  189;  rtpeiu,  185,  pahalrit,  igo 

Zeugorchis,  407;  atQualus,  407 

Zoethamnium,  194;  aJtnui,  194 

Zone,  shore,  3 

Zones  of  vegetation,  196;   characetum,  196, 

Duphsjetum,     196.     phragmiletum,     196. 

potamogetonetum,  196,  sdipetum.  196 


Zooedum,  948 

Zoophytes,  301 

Zoosporanglum,  119 

Zoospores,  118 

Zialera  nana,  185 

Zjignema,  14] 

Zygnemaceae,  141 

Zygnemeae,  141 

Zygocotyle,  38S;  cerattia,  388 

Zygocotylinae,  388 

Zygoptera  (unago),  911,  (nymph),  gvi 

Zygossuxe,  119 
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